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A B S T R A C T   

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes coronavirus disease 2019 (COVID-19) 
that has emerged and rapidly spread across the world. The COVID-19 severity is associated to viral pneumonia 
with additional extrapulmonary complications. Hyperinflammation, dysfunctional immune response and hy-
percoagulability state are associated to poor prognosis. Therefore, the repositioning of multi-target drugs to 
control the hyperinflammation represents an important challenge for the scientific community. Cilostazol, a 
selective phosphodiesterase type-3 inhibitor (PDE-3), is an antiplatelet and vasodilator drug, that presents a 
range of pleiotropic effects, such as antiapoptotic, anti-inflammatory, antioxidant, and cardioprotective activ-
ities. Cilostazol also can inhibit the adenosine uptake, which enhances intracellular cAMP levels. In the lungs, 
elevated cAMP promotes anti-fibrotic, vasodilator, antiproliferative effects, as well as mitigating inflammatory 
events. Interestingly, a recent study evaluated antiplatelet FDA-approved drugs through molecular docking- 
based virtual screening on viral target proteins. This study revealed that cilostazol is a promising drug against 
COVID-19 by inhibiting both main protease (Mpro) and Spike glycoprotein, reinforcing its use as a promising 
therapeutic approach for COVID-19. Considering the complexity associated to COVID-19 pathophysiology and 
observing its main mechanisms, this article raises the hypothesis that cilostazol may act on important targets in 
development of the disease. This review highlights the importance of drug repurposing to address such an urgent 
clinical demand safely, effectively and at low cost, reinforcing the main pharmacological actions, to support the 
hypothesis that a multi-target drug such as cilostazol could play an important role in the treatment of COVID-19.   

1. Introduction 

Since December 2019, the world has faced a major pandemic elicited 
by Coronavirus disease 2019 (COVID-19). It is a viral respiratory illness 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 
2). This infection affects the respiratory, cardiovascular, renal, gastro-
intestinal system [1]. This outbreak was discovered in December 2019 in 
Wuhan, China, being highly contagious, it became a pandemic and 
spread rapidly, affecting millions of individuals worldwide [2]. Despite 
several studies evaluating therapies such as glucocorticoid, antiviral, 
antimalarial and antiparasitic, there is no specific and effective treat-
ment yet [3,4]. Studies have reported that the disease severity is related 
to disorders of coagulation markers such as prothrombin time 

prolongation, elevated fibrin degradation products, reduced platelet 
count and especially increased of D-dimer levels [5,6]. These events 
contribute to coagulopathy activation namely disseminated intravas-
cular coagulation (DIC) which increases the risk of venous thrombo-
embolism [7]. The most severe presentation of COVID-19 is 
characterized by a hyperinflammation, attributed to excessive and un-
controlled release of pro-inflammatory cytokines, called “cytokine 
storm” [8]. This inflammatory cascade involves multiple pathways and 
results in severe organ damage such as acute respiratory distress syn-
drome (ARDS) [8,9]. The main therapeutic strategies aim to combat the 
hyperinflammation to prevent multiple organ dysfunction syndrome. To 
date, only dexamethasone [10] and tocilizumab [11] are recommended 
for critically ill patients with COVID-19. Therefore, the repositioning of 
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multi-target drugs to control the hyperinflammation represents an 
important challenge for the scientific community. 

Cilostazol, a selective phosphodiesterase type-3 inhibitor (PDE-3), is 
an antiplatelet and vasodilatory drug, clinically used on intermittent 
claudication treatment and it has been shown to exert vascular protec-
tive effects in different ischemic disease [12]. PDE-3 inhibition avoids 
intracellular 3′-5′-cyclic adenosine monophosphate (cAMP) degrada-
tion, mostly in cells that have large amounts of PDE-3, such as platelets, 
resulting in protein kinase AMPc-dependent (PKA) activation. Cilostazol 
also can inhibit the adenosine uptake, which enhances intracellular 
cAMP levels. At the pulmonary level, elevated cAMP is related to anti- 
fibrotic, vasodilator, antiproliferative effects, as well as to control of 
inflammatory events. The cAMP modulation plays a crucial role in the 
lung and bronchial cell maintenance [13,14]. Thus, targeting PDE-3 
inhibition for the respiratory diseases treatment is of great interest [15]. 

Several studies have reported a range of effects associated to cil-
ostazol, such as antiapoptotic [16], anti-inflammatory [17], antioxidant 
[18] and cardioprotective activities [19]. In recent years, cilostazol has 
aroused the interest of several scientists due to its pleiotropic actions, 
including its potential anti-inflammatory effect. Cilostazol is able to 
prevent nitric oxide and cytokine production in LPS-stimulated micro-
glia [20–22]. It has been also reported to inhibit cytokine expression 
through direct effect on nuclear factor-κB (NF-кB) activity in RAW264.7 
macrophage cells stimulated by different Toll-like receptors (TLRs) li-
gands [23,24]. In vivo studies have demonstrated that cilostazol sup-
press neointimal hyperplasia LPS-induced, macrophage infiltration in a 
rabbit aorta balloon-injury model [25], besides decreasing inflamma-
tory cytokines and mortality in LPS-induced septic shock mice [26]. In 
isolated platelets, cilostazol can also exerts anti-inflammatory beyond 
antiplatelet effects through AMP-dependent protein kinase (AMPK) and 
endothelial nitric oxide synthase (eNOS) activation followed by NF-кB 
inhibition [17]. Moreover, cilostazol exerts protective effects on 
vascular and renal bed via NF-кB and cytokines downregulation [27,28]. 
The potential effects promoted by cilostazol may be useful to prevention 
of several inflammatory disorders. 

Recent studies have demonstrated beneficial effects of cilostazol in 
patients with pneumonia associated with different pathologies [29], 
pneumonia in patients with acute cerebral infarction [30] and stroke- 
associated pneumonia in patients receiving tube feeding [23]. A 
recent study performed molecular docking-based virtual screening, and 
it was demonstrated that cilostazol is the most promisor antiplatelet 
Food and Drug Administration (FDA)-approved drug against COVID-19. 
Cilostazol played the most favorable binding interaction on viral target 
protein, main protease (Mpro), besides presenting the highest binding 
affinity on spike glycoprotein (S) when compared to other antiplatelets 
and other recent inhibitors against COVID-19 such as nelfinavir, umi-
fenovir and darunavir [31]. 

Whereas the time and cost required to characterize and establish a 
safe and effective therapy for the treatment of COVID-19 are important 
limitations, drug repositioning becomes an attractive and fast alterna-
tive in this race against time. Based on the pathophysiology of COVID- 
19, this review describes lots of evidence that support the hypothesis 
that among all antiplatelet FDA-approved therapies, cilostazol can play 
an important role as adjuvant treatment of COVID-19 in order to avoid 
poor prognosis and fatal disclosures. 

2. Pathophysiology of COVID-19 

In most cases of COVID-19, patients presents mild symptoms as fever, 
dry cough, shortness of breath, fatigue and diarrhea, but in some cases it 
progress to serious symptoms as severe respiratory distress, sepsis, 
coagulation disruption, thromboembolic events which has serious con-
sequences. Elderly age, gender (male) followed by underlying co- 
morbidities (i.e hypertension, obesity, diabetes, cancer) are directly 
associated with poor prognosis in COVID-19 [32,33]. Lung biopsy 
analysis of COVID-19 patients in early and late stages, exhibited 

bilateral diffuse alveolar damage, hyaline membranes, mononuclear 
cells, macrophages infiltrate and microthrombi in pulmonary vascula-
ture [34]. Recent report has showed that virus can replicate in the lower 
respiratory tract, developing pneumonia and it progress to ARDS with 
edema and hypoxemia. The exacerbation of inflammatory process con-
tributes to additional extrapulmonary manifestations as liver, heart and 
acute kidney failure, sepsis and disseminated intravascular coagulation 
(DIC) in a few days [6,35]. Regarding to extrapulmonary disturbances, 
the cardiovascular system is directly damaged. The main cardiovascular 
disorders observed are cardiac arrhythmias, acute coronary syndromes, 
heart failure, cardiomyopathy, myocarditis and sudden cardiac arrest 
[36]. 

Severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1), 
Middle East Respiratory Syndrome coronavirus (MERS-CoV) and SARS- 
CoV-2 belongs to beta-coronaviruses group. SARS-CoV-2 is more 
genetically similar to SARS-CoV-1, with 82% nucleotide identity, than 
MERS-CoV, which shares 50% nucleotide identity [37]. The SARS-CoV 
and MERS-CoV infections share several similarities to SARS-CoV-2 
regarding to symptoms, elderly age, risk factors, cardiovascular, lung 
microthrombi formation and thromboembolic complications [38]. The 
angiotensin converting enzyme 2 (ACE2), has been recognized as the 
receptor for SARS-CoV-1 and SARS-CoV-2 syndromes, while the MERS- 
CoV interacts with dipeptidyl peptidase 4 (DPP4) receptor to enter the 
host cell. ACE2 is localized on respiratory tract, small intestine, immune 
cells, arterial smooth muscle, arterial and venous endothelial cells and 
others, allowing the virus entry [39–41]. 

Inflammatory process, immunological response and hemostasis are 
intrinsically associated. Macrophages, dendritic and plasmacytoid den-
dritic cells, belong to innate immune and, express on their surface 
pattern recognition receptors (PRR), such as TLRs, NOD-like receptors 
(NLRs) or RIG-I like receptors (RLRs), which act as sensors in response to 
various infections, recognizing pathogen-associated molecular patterns 
(PAMPs) or damage-associated molecular patterns (DAMPs). They can 
identify SARS-CoV-2 single stranded viral RNA, inducing gene tran-
scription of type I/III interferons (IFNs), which play a crucial role in 
early antiviral response in the host cell [6,42]. Moreover, TLRs, NLRs 
and RLRs can activate downstream signaling effectors, such as adaptor 
proteins MyD88 and TRAF6, which lead to NF-кB activation, increasing 
the gene transcription of a range pro-inflammatory cytokines and che-
mokines including interleukin (IL) 1β, IL-6, tumor necrosis factor-alpha 
(TNF-α), C-C motif chemokine 2 (CCL2), CCL3, CCL5 (RANTES), C-X-C 
motif chemokine 10 (CXCL10), monocyte chemoattractant protein-1 
(MCP-1) and macrophage inflammatory protein 1α (MIP1α) thereby 
amplifying the recruitment of innate immune response [38,39,43]. 

In most cases, this initial inflammatory response triggered by TLR 
and type-1 IFN, leads to cytokine production followed by effective im-
mune response contributing to infection resolution [44]. However, some 
individuals have a dysfunctional immune response with a delayed or low 
early antiviral response by type1 IFN, leading to endothelial cells acti-
vation by cytokines and viral particles, which contributes to tethering of 
platelets and expression of adhesion molecules in endothelial surface. 
Injured endothelial cells expose tissue factor, activating the coagulation 
cascade with fibrin deposition and blood clotting, leading to pulmonary 
and systemic damage [35]. All these events are triggered by a phe-
nomenon namely “cytokine storm” which aggravate the inflammatory 
process with vascular leakage, aberrant monocytes, neutrophils and 
lymphocytes in the pulmonary alveoli, followed by cell apoptosis, 
immunosuppression, hyperinflammation, culminating in disease 
severity [2,45] (Fig. 1). 

Inflammatory process can also stimulate the coagulation cascade 
through polymorphonuclear neutrophils (PMN) which are recruited by 
activated endothelial cells and then release neutrophil extracellular 
traps (NETs). NETs release involves the extrusion of neutrophilic chro-
matin webs from its granules in order to eliminate the pathogen in a 
process termed NETosis [46]. NETs act as a scaffold for thrombus for-
mation, besides bind and activate platelets, amplifying the blood 
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clotting. Platelet-NETs aggregates play also systemic effects, leading to 
septic shock and multi-organ failure [47]. Serum from severe patients 
with COVID-19 have presented elevated levels of NETs such as citrulli-
nated histone H3 and myeloperoxidase-DNA and both reflect in poor 
prognosis. Moreover, serum from COVID-19 patients prompt NET 
release in control neutrophils, being an in vitro NETosis inducer [48]. 
The role of NETs in multiple organ damage syndrome and mortality in 
COVID-19 has been supported. The interplay between platelets and 
NETs may also be critical on microvascular thrombosis development, 
inflammatory process and tissue damage observed in COVID-19 [49,50]. 
Therefore, NETs can be a target for COVID-19 treatment, but further 
studies are needed to characterize their contribution [50,51]. 

Several studies have shown that SARS-CoV-2 infection can modify 
the hemostasis of affected patients and then induce a prothrombotic 
state [3,5,52–56] In viral infections such as influenza, the cell damage 
caused in pulmonary capillaries facilitates the endothelium/platelet 
interaction, promoting the prothrombotic state and decrease in blood 
oxygenation [57]. Cameron et al, (2018) have demonstrated that iso-
lated murine and human platelets exposed to hypoxia have an increase 
of P-selectin and αIIbβ3 integrin expression, suggesting that ischemic 
conditions alters the platelet phenotype, modifying its activity against 
several agonists [58]. Hypoxia may also increase the thrombosis risk 
through modulation of hypoxia-inducible transcription factors expres-
sion (HIFs) which accumulates in nucleus and bind to hypoxia- 

responsive element (HRE), promoting the transcription of genes 
related to thrombogenic factors and pro-inflammatory mediators, such 
as IL-1β [59–61]. 

Platelet count during treatment of COVID-19 may indicate the 
severity and prognosis of the disease [52]. Furthermore, thrombocyto-
penia is also associated with threefold enhanced risk to developing the 
severe form of COVID-19 [5]. In dengue infection, platelets exert a 
crucial role in immunomodulatory and inflammatory responses through 
platelet-monocyte aggregate formation and platelet-dependent mono-
cyte activation, leading to increased synthesis and secretion of pro- 
inflammatory cytokines as IL-1β, IL-8 and MCP-1 [62]. 

In influenza viral infection, platelets play immunomodulatory effects 
by TLR7 activation accompanied by α-granules release which increase P- 
selectin and CD40-L expression, culminating in platelet-neutrophil ag-
gregates. Platelet-TLR7 activation can also release C3 complement sys-
tem protein from its granules which induce NETs release [63]. 
Antiplatelet drugs may have beneficial effects against hypercoagulable 
state on sepsis due their anti-inflammatory properties [64]. The severity 
of COVID-19 has been associated to hypercoagulability biomarkers, such 
as prothrombin time prolongation, elevated fibrin degradation products, 
activated partial thromboplastin time shortened and specially to 
elevated D-dimer which is highlighted as a prognostic marker [54,56]. 
Approximately 71.4% of COVID-19 non-survivors presented lethal 
complications, including DIC according to the criteria of International 

Fig. 1. Pathophysiological mechanisms of 
COVID-19 and the possible beneficial effects 
of cilostazol. SARS-CoV-2 severity is associated 
to viral pneumonia with additional extrapulmo-
nary complications. Alveolar macrophages can 
express on their surface pattern recognition re-
ceptors, such as TLR-4 and TLR-7, which recog-
nize PAMPs or DAMPs. They can identify SARS- 
CoV-2 single stranded viral RNA, inducing gene 
transcription of type I/III IFNs, which play a 
crucial role in early antiviral response in the host 
cell. The initial inflammatory response triggered 
by TLR and type-1 IFN, leads to cytokine pro-
duction followed by effective immune response 
contributing to infection control. In some cases, 
individuals have a dysfunctional immune 
response with a delayed or low early antiviral 
response by type1 IFN. Moreover, TLR-7, can 
activate downstream signaling effectors, such as 
adaptor proteins MyD88 and TRAF6, which lead 
to NF-кB activation, increasing the gene tran-
scription of a range pro-inflammatory cytokines 
and chemokines including IL-1β, IL-6, TNF-α, 
ICAM-1 and MCP-1. These cytokines activate 
endothelial cells, contributing to tethering of 
platelets, neutrophil migration, and expression of 
adhesion molecules in their surface. Injured 
endothelial cells expose tissue factor, activating 
the coagulation cascade with fibrin deposition 
and blood clotting, leading to pulmonary and 
systemic damage. All these events are triggered 
by a phenomenon namely “cytokine storm” 
which aggravate the inflammatory process with 
vascular leakage, cytokines, and NETs release in 
the pulmonary alveoli, followed by cell apoptosis, 
immunosuppression, hyperinflammation, culmi-
nating in disease severity. On the other hand, 
cilostazol has pleiotropic properties such as 
immunomodulatory, anti-inflammatory, antioxi-
dant, and antiplatelet activities, besides exerting 
cardioprotective effects which suggests its use as 
a new therapeutic possibility at the complex 
pathophysiology of COVID-19. Created with Bio-
Render.com.   
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Society for Thrombosis and Hemostasis. DIC may also contribute to 
development of embolism and extensive pulmonary capillary obstruc-
tion, playing a key role in COVID-19 lethality [55]. Interestingly, ther-
apeutical anticoagulants have been used in previous pandemics, such as 
H1N1 influenza and their use has been associated with a reduction in 
mortality of COVID-19 patients [65]. These data support that the 
thromboprophylaxis can prevent potentially lethal complications, 
including DIC, thereby reducing the mortality rate [2]. 

3. Antiplatelet activity of cilostazol 

In SARS-CoV-2 infection, the hyperinflammation promoted by inef-
ficient immune response lead to endothelial cell activation and endo-
thelial dysfunction, inducing a prothrombotic profile which in turn, 
highlights the interplay between immune system, inflammation, and 
thrombosis [6]. Hottz and colleagues showed that severe COVID-19 
patients present platelet activation, platelet-monocyte aggregates for-
mation, increasing tissue factor expression by monocytes which is 
correlated to coagulation dysfunction markers as D-dimer. The mecha-
nism seems to be associated with P-selectin and integrin αIIb/β 
signaling, highlighting the key role of platelets on pathophysiology and 
severity COVID-19 [66]. The increased inflammatory response accom-
panied by hypercoagulable state in COVID-19 patients, reinforces the 
importance to investigate the antiplatelet therapy in severe COVID-19 
patients [56]. 

Cilostazol is a potent antiplatelet and vasodilatory drug, its phar-
macology is multifaceted, presenting a wide spectrum of pharmacolog-
ical actions such as anti-inflammatory, antioxidant, antiproliferative 
and cardioprotective effects. The main mechanism involved in the an-
tiplatelet effect of cilostazol is associated with PDE3 inhibition, 
increasing intraplatelet cAMP levels, an important second messenger 
involved in the regulation of platelet activity. Increasing cAMP levels 
promoted by cilostazol contributes to reversible inhibition of both pri-
mary and secondary platelet aggregation induced by several agonists 
such as ADP, collagen, arachidonic acid and, thrombin [67]. In blood 
vessels, the increase of cAMP production promoted by cilostazol results 
in vasodilatory effects [68]. Moreover, cilostazol is able to suppress the 
expression and release of P-selectin from alpha-granule of platelet-rich 
plasma and washed platelets from healthy human volunteers [69]. Cil-
ostazol is a drug that exerts not only antiplatelet effect, but also im-
proves endothelial cell function, reducing the platelet-endothelium 
interaction and thrombotic events [67]. A study performed in health 
volunteers demonstrated that cilostazol can inhibit platelet aggregation 
without affect bleeding time [70]. Cilostazol is also able to inhibit both 
primary and secondary platelet aggregation induced by several agonists 
[71]. Several clinical studies have reported the antiplatelet effects of 
cilostazol in the prevention of cerebral infarction [72], peripheral 
arterial disease [73], critical limb ischemia [74], stroke [75,76] and 
atherosclerosis [77,78]. In addition to its direct effects on platelets, 
cilostazol also has effects on hemostasis through independent-cAMP 
mechanism. In isolated platelets from humans, cilostazol exerts inhibi-
tory effects on platelet-leukocyte interaction through reducing P-selec-
tin expression on the platelet surface [79]. Cilostazol also exerts 
antiplatelet and anti-inflammatory effects through AMPK activation and 
NF-kB inhibition in isolated platelets from hypercholesterolemic rats, a 
cAMP-independent mechanism, highlighting the cilostazol as a multi- 
target drug [17]. Moreover, in Equid herpes virus type-1 (EHV-1)- 
induced platelet activation, cilostazol was able to inhibit P-selectin 
expression on platelets surface, demonstrating a potential effect in 
reducing EHV-1-induced thrombosis [80]. A prospective and random-
ized study performed in non-valvular atrial fibrillation patients 
demonstrated that combined antiplatelet therapy with aspirin and cil-
ostazol significantly reduced coagulation biomarkers levels, such as von 
Willebrand factor (vWF) and fibrinogen, thus decreasing platelet 
responsiveness in these patients [81]. The thromboangiitis obliterans 
(TAO), a peripheral vascular disease caused by immune response, occurs 

endothelial injury, increase of intercellular adhesion molecule-1 (ICAM- 
1), vascular cell adhesion molecule-1 (VCAM-1) expression and pro- 
inflammatory cytokines levels. In TAO patients, cilostazol reduced 
ICAM-1, VCAM-1 mRNA expression and cytokines plasma levels, besides 
decreasing plasma viscosity, fibrinogen, total cholesterol, and tri-
glycerides levels, demonstrating potential anti-inflammatory, antith-
rombotic and lipid-lowering effects in these patients [82]. Such 
preclinical and clinical evidence reinforce the additional anti- 
inflammatory effect of cilostazol which may be useful in reducing 
thromboembolic events triggered by hyperinflammation in patients 
with COVID-19 (Table 1 and 2). 

4. Anti-inflammatory and antioxidant effects of cilostazol 

Intracellular cAMP levels are fundamental in the modulation of 
several cellular functions, including the regulation of inflammatory and 
immune system [83]. PKA activation and NF-kB inhibition, reducing 
pro-inflammatory genes transcription seem to be one important 
pathway related to cAMP anti-inflammatory property [15,84]. Inflam-
mation, oxidative stress, and a dysfunctional immune system are linked 
to severity of COVID-19 infection. Therefore, a therapeutic approach 
that reduce hyperinflammation and consequently mitigate multiple 
organ dysfunction syndrome would be useful to COVID-19 treatment. 
The anti-inflammatory and antioxidant effects of cilostazol have been 
reported in several studies. In J774 cell lines murine macrophages, cil-
ostazol suppressed cytokines production through direct inhibition of NF- 
кB and upregulation of PKA/nuclear factor erythroid-related factor 2 
(Nrf2), which increase heme oxygenase (HO)-1 expression [85]. Inter-
estingly, in cultured proximal tubular epithelial cells, cilostazol showed 
an increase in Nrf2/HO-1 signaling, demonstrating its important role in 
adjuvant therapy of metabolic disorder-associated renal injury [86]. In 
sepsis-induced lung injury, Sirtuin1 (SIRT1) inhibited endoplasmic re-
ticulum stress and inflammation [87]. Cilostazol upregulates SIRT1 in 
various tissues, such as endothelial cells [88], neuronal cells [89] and 
hepatocytes [90], which contributes to its anti-inflammatory and anti-
oxidant effects. 

Recent studies have demonstrated protective effects of cilostazol in 
animal models of colitis, attributed to its anti-inflammatory action 
[91–93]. In an animal model of acetic acid-induced colitis, cilostazol 
exerted an antioxidant and anti-apoptotic anti-inflammatory effect 
through cAMP/SIRT1 activation, suppressing NF-kB mitogen-activated 
protein kinases (MAPKs) pathways [94]. In vascular smooth muscle cells 
(VSMC), cilostazol exerts its anti-inflammatory actions through several 
mechanisms, such as suppression of the ERK1/2 pathway [95], inhibi-
tion of RAGE/ERK/NF-κB signaling [96] and attenuation of Axl 
signaling and downstream pathways [97]. Moreover, several studies 
have demonstrated important effects of cilostazol on attenuation of 
reactive oxygen species (ROS) production, lipid peroxidation, inflam-
matory cytokines such as IL-6, IL-1β, TNF-α, monocyte chemoattractant 
protein-1 (MCP-1) and IFN-α), supporting its antioxidant, anti- 
inflammatory and immunomodulatory actions [98–100]. 

High-mobility group box 1 (HMGB1), is a nuclear DNA-binding 
protein that has been characterized as an inflammatory cytokine 
release from different tissues, which trigger systemic inflammation, 
redox state disturbance, NETs release, multi-organ damage and DIC and 
its release has been correlated with COVID-19 severity [85–87]. In LPS- 
activated macrophage cells, cilostazol was able to reduce HMGB1 
release through AMPK/HO-1 activation, besides decreasing plasmin-
ogen activator inhibitor-1 (PAI-1) circulating levels [101,102]. 

As reported in this review, the worse manifestation of COVID-19 is 
associated with hyperinflammatory state, culminating in endothelial 
damage, coagulation cascade activation and multi-organ failure. Given 
that, the inhibition of PDE3 by cilostazol, as well as its multifaceted 
pharmacological effects may represent a useful therapy for COVID-19 
(Table1 and 2). 
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Table 1 
A summary of preclinical studies carried out on the potential therapeutic 
properties of cilostazol against COVID-19.  

Major finding Experimental design Results 

Potential drug against 
SARS-CoV-2 

Molecular docking 
Screening of antiplatelet 
FDA-approved drugs 

Cilostazol presented the 
most promising effect 
against COVID-19 by 
inhibiting both viral target 
proteins: main protease 
(Mpro) and spike 
glycoprotein (S), compared 
with other compounds 
studied, including 
antivirals anti-COVID-19.  
[31] 

Anti-platelet and anti- 
inflammatory effects 

In vitro 
Platelet rich plasma from 
horses exposed to EHV-1 

Reduction of platelet 
activation marker 
expression (P-selectin) 
after EHV-1 exposition in 
cilostazol treated PRP [80]. 

Preparation of human 
platelets and leukocytes 

Inhibition of 
platelet–leukocyte 
interaction and platelet 
activation by decrease of P- 
selectin and integrin α2bβ3 
expression, decrease of ion 
calcium levels [79]. 

In vivo 
Isolated platelets from 
hypercholesterolemic 
wistar rats 

Inhibition of platelet 
aggregation and 
inflammation by P-selectin 
and TXB2 inhibition. 
Increase of cAMP and 
cGMP levels, increase of 
eNOS, AMPK-α pAMPK-α 
phosphorylation. 
Inhibition of PKC-α/NF-kB 
pathway and inflammatory 
cytokines levels TNFα, IL-1, 
IL-6 [17]. 

Isoproterenol-induced 
myocardial Injury in high- 
fat-fed rats 

Inhibition of platelet 
aggregation, inflammatory 
markers, ICAM-1, NF-kB, 
TNFα, IL-6 and attenuation 
of oxidative stress by iNOS 
inhibition and GSH 
increase [16]. 

Anti-inflammatory and 
antioxidant effects 

In vitro 
RAW264.7 cells 

Anti-inflammatory effect 
through AMPK/HO-1 
pathway activation 
followed by inhibition of 
high mobility group box 1 
(HMGB1), NF-kB and PAI-1 
[101]. 

J774 cell line murine 
macrophages 

Cilostazol increase 
antioxidant enzymes 
synthesis through Nrf2 and 
heme oxygenase 
upregulation [85] 

Proximal tubular 
epithelial cells culture 

Increase in Nrf2/HO-1 
signaling [86] 

Human umbilical vein 
endothelial cells 
(HUVECs) 

Neuroprotective effect 
against oxidative stress 
senescence-induced 
through eNOS and SIRT1 
upregulation [88]. 
Suppression of NAD(P)H 
oxidase-dependent 
superoxide and cytokines 
formation [110]. 

In vivo 
Rat model of 
Huntington’s/Parkinson’s 
disease 

Neuroprotective effect 
through inhibition TLR-4, 
IL-6, JAK-2/STAT-3/SOCS- 
3 and activation of IL- 
10Akt/GSK-3β/CREB 
signaling pathways (El- 
Abhar H, 2018) [155]. 
Neuroprotective actions by  

Table 1 (continued ) 

Major finding Experimental design Results 

upregulation of Nurr 1 and 
Sirt1, followed by GSK-3β 
and caspase-3 inhibition in 
PD rats [100] (Hedya SA, 
2028). 

Bile duct ligation-induced 
liver injury in rats 

Cilostazol exerted 
hepatoprotective, 
antifibrotic, anti- 
inflammatory and 
antioxidant effects through 
SIRT1 activation [90] 
(Kabil SL, 2018). 

Immunomodulatory 
effects 

In vitro 
Synovial macrophages 
from RA patients 
Human synovial 
macrophages 

Cilostazol down-regulated 
LPS-stimulated PU.1-linked 
TLR4 by TLR4/MyD88/NF- 
kB signaling, reduced TNF- 
α and IL-1β [114]. 
Suppression of TLR2- 
mediated IL-23 production 
by inhibition RhoA/ROCK/ 
NF-kB/IL-23 pathway  
[115]. 

Human dendritic cells Inhibition IL-23 production 
through AMPK-dependent 
pathway [109]. 

Isolated dendritic cells 
incubated with herpes 
virus 

Inhibition of cytokine 
production; reduction of 
IFN-α levels; inhibition of 
plasmacytoid dendritic cell 
activation [98]. 

In vivo 
Septic mice 

Inhibition of HMGB1 and 
plasminogen activator 
inhibitor-1 (PAI-1) levels  
[101]. 
Inhibition of NETosis 
through decreasing of 
citrullinated histone H3, 
neutrophil elastase and 
myeloperoxidase [118]. 

Cardioprotective effect In vitro 
Cardiac mitochondria 
treated with H2O2 

Antioxidant effect through 
reduction of reactive 
oxygen species levels and 
prevention of 
mitochondrial swelling and 
depolarization [19]. 

In vivo 
Isoproterenol-induced 
myocardial Injury in high- 
fat-fed rats 

Improve in 
electrocardiograph pattern 
and reducing myocardial 
damage biomarkers: LDH, 
CK, CK-MB. Activation 
PI3K/Akt/mTOR pathway 
followed by NF-кB, TNF-α 
and IL-6 inhibition. 
Antiapoptotic effect 
through decreasing of 
caspase-3 and increase of 
bcl-2 [16]. 

C57BL/6J obese/non- 
obese mice Angiotensin II- 
infused 

Cilostazol attenuated LV 
diastolic dysfunction, 
cardiac hypertrophy, 
cardiac inflammation, 
inhibited macrophage 
infiltration and 
proinflammatory cytokines 
production and exerted 
antifibrotic effects [133]. 

Myocardial ischemia and 
reperfusion injury mice 

Cardioprotective, anti- 
inflammatory and 
antiapoptotic effects by 
decreasing IL-6, IL-1β and 
TNF-a levels. Inhibition of 
apoptotic protein Bax and 
caspase-3, restoring Bcl-2 
levels through activating 
PPARg/JAK2/STAT3 
pathway [136]. 
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5. Immunomodulatory effects of cilostazol 

Patients affected by COVID-19 have dysfunctional immune response 
associated with cytokine storm which results in multi-organ damage 
[35]. Dendritic cells are important antigen-presenting cells and act as a 
link between innate and adaptive immune responses [103,104]. Once 
exposed to infectious agents, dendritic cells express and secrete 
interleukin-23 (IL-23), a pro-inflammatory cytokine also produced by 
macrophages [105,106], which plays an important role in T helper 17 
cells (Th17) modulation, autoimmune [107] and cardiovascular dis-
eases [108]. In human dendritic cells, cilostazol inhibited IL-23 pro-
duction through AMPK-dependent pathway [109]. In human umbilical 
vein endothelial cells (HUVECs), cilostazol was able to suppress NADPH 
oxidase–dependent superoxide anion formation and inflammatory 
cytokine production, besides to inhibit adhesion molecules expression 
and chemokine release [110–112]. 

In acute lung injury, there is an overproduction of IL-6 from alveolar 
macrophages through TLR4/NF-KB pathway activation, which contrib-
utes to exacerbation of inflammatory, oxidative, and immune responses. 
TLR4 is a receptor belonging to innate immunity, and is involved in 
several pathologies such as atherosclerosis, ischemia, periodontitis and 
others [113]. In synovial macrophages from rheumatoid arthritis pa-
tients, cilostazol suppresses TNF-α and IL-1β production by inhibition of 
TLR4/MyD88/NF-κB pathway [114]. In addition, cilostazol inhibited 
TLR2-induced IL-23 production in human synovial macrophages 
through suppressing RhoA/NFкB pathway and PKA activation [115]. 
NOD-like receptor containing domain pyrin 3 (NLRP-3) inflammasome 
exerts a key role in host immune defenses against fungal, bacterial and 
viral infections, mediating caspase-1 activation, cytokines secretion 
such as IL-1β, IL-18 in response to infection [116]. The uncontrolled 
activation of NLRP3 is linked to pathophysiology of several diseases 
such as diabetes, metabolic syndrome, and atherosclerosis. All of them 
are comorbidities associated COVID-19 severity [117]. 

Yap et al. (2020) recently suggest NLRP3 as an important target to be 
explored. Although it has not yet been proven if SARS-CoV-2 activates 
the NLRP3 inflammasome, it was shown that SARS-CoV, its antecessor, 
expresses at least three proteins that activate the NLRP3 inflammasome: 
envelope (E), ORF3a, and ORF8b [118]. NLRP3 activation modulates 
pyroptotic cell death, evoking deleterious consequences, including a 
dysfunctional immune response against the viral infection and possibly 
death of the host. Therefore, the direct NLRP3 activation followed by 
pyroptosis may be a serious side effect which became a problem of great 
clinical relevance [118]. Patients with adequate immune response are 
able to clear the viral infection, resulting in recovery. On the other hand, 
patients with dysfunctional immune response are not able to reduce the 
viral infection which trigger massive injury in tissues with NLRP3 acti-
vation, generating a vicious inflammatory cycle that can result in death 
[119]. 

A study performed in human endothelial cells exposed to high free 
fatty acid (FFA) showed a potential effect of cilostazol on NLRP3 inhi-
bition. The possible mechanism seems to be related to SIRT1 activation 

Abbreviations: Akt - protein kinase B; Bcl-2 - B-cell lymphoma 2; cAMP - cyclic 
adenosine monophosphate; cGMP - cyclic guanosine monophosphate; CK - cre-
atine kinase; CK-MB - myocardial creatine kinase; cAMP response element 
binding protein /CREB; FDA - Food and Drug Administration; GSH – sulfhydryl 
glutathione; GSK-3β - glycogen synthase kinase-3β HCD – hypercholesterolemic 
diet; HFD- high fat diet ; ICAM - intercellular adhesion molecule; IFN-α - inter-
feron alpha; IL – Interleukin; ICAM-1 - intercellular adhesion molecule; iNOS - 
inducible nitric oxide synthase; JAK-2-Janus Kinase 2; LA – left atrium; LDH - 
lactate dehydrogenase; LV – left ventricle; MDA – malondialdehyde; NF-kB – 
Nuclear factor kappa-B; Nrf2 - nuclear factor erythroid 2-related factor 2; Nurr1 - 
Nuclear receptor related 1; PD – Parkinson’s disease; PAI-1 - plasminogen acti-
vator inhibitor-1; PKC-α - protein kinase C alpha; RA - rheumatoid arthritis; 
STAT-3 - signal transducers and activators of transcription 3; SOCS3 - suppressor 
of cytokine signaling 3; TLR4 - Toll-like receptor 4; TNFα - tumor necrosis factor- 
alpha; 

Table 2 
A summary of clinical trials carried out on the potential therapeutic properties of 
cilostazol against COVID-19.  

Major findings Experimental design/ 
population 

Results 

Antiplatelet effect Randomized clinical trial 
Male healthy adults 

Reduction of platelet 
aggregation [70]. 

Cerebral infarction 
patients 

Reduction of recurrence of 
cerebral infarction associated 
with vasodilator and 
antiplatelet effects of cilostazol 
[75]. 
Cilostazol appears to be 
superior to aspirin in the 
preventing recurrence of stroke 
and has been associated with 
lower bleeding events than 
aspirin (Shinohara et al., 2010) 
[156]. 

Type 2 diabetes patients 
Type 2 diabetes patients 
diagnosed after 30 years 

Reduction in carotid intima- 
media thickness when 
compared to aspirin. Cilostazol 
has beneficial effects on 
atherosclerosis through 
vasodilator and antiplatelet 
actions [78]. 
Attenuation of albuminuria 
through decreasing of E- 
selectin and VCAM-1 plasma 
levels. Nephroprotective effect 
due to its anti-inflammatory 
action. (Tang • et al., 2013). 
[157] 

Anti-inflammatory 
effect 

Randomized clinical trial 
Patients with 
thromboangiitis 
obliterans (TAO) 

Reduction of TAO-induced 
abnormal increase in ICAM-1, 
VCAM-1 and pro-inflammatory 
cytokines expression (IL-1β, IL- 
6 and TNF-α) in plasma of 
patients treated with cilostazol  
[82]. 

Patients with 
atherosclerotic coronary 
artery disease undergoing 
coronary stenting 

Reduction of restenosis rate 
after coronary stent 
implantation by 
downregulation of platelet 
activation P-selectin-induced, 
platelet-leukocyte interaction 
and Mac-1-mediated leukocyte 
activation (Inoue et al., 2004)  
[158]. 

Patients with peripheral 
arterial occlusion disease 

Reduction in inflammatory 
markers: C-reactive protein 
and sCD40L and increase of 
adiponectin levels [159] 
(Hsieh et al., 2009). 
Cilostazol was able to reduce 
plasma MMP-9 levels, showing 
an anti-inflammatory effect  
[160] (Franciscis et al., 2013). 

Hypertensive type 2 
diabetes mellitus patients 

Reduction in C-reactive protein 
levels, total leukocyte count, 
oxidative status besides 
decreasing risk of coronary 
heart disease [161] (Agrawal 
2007). 

Cardioprotective 
effect 

Retrospective cohort 
Patients with primary or 
secondary stroke during 
antithrombotic therapy 

Prevention of cardioembolic 
stroke in patients who received 
cilostazol 
compared with patients 
undergoing to other 
antiplatelet therapy [134]. 

Antioxidant effect Randomized clinical trial 
Hypertensive type 2 
diabetes mellitus patients 

Cilostazol was able to reduce 
oxidative stress through 
decreasing plasma 
malondialdehyde levels, as 
well as increase of reduced 
glutathione and albumin levels 
[161] (Agrawal, 2007). 

(continued on next page) 
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and HMGB1 inhibition, mitigating endothelial dysfunction promoted by 
FFA [120]. NETs play an important and recognized role on inflamma-
tory and thrombotic process associated to COVID-19 [50]. Interactions 
between platelets and neutrophils contribute to NET formation and may 
further accelerate the endothelial damage, hypercoagulable state, and 
microvascular thrombosis formation. In an animal model of sepsis, cil-
ostazol treatment was able to inhibit NET formation, avoiding liver 
damage in septic mice, which may be useful in sepsis prevention [121]. 
These studies highlight the cilostazol as a potent anti-inflammatory drug 
with immunomodulatory and antioxidant properties, reinforcing its 
pleiotropic effects, which would be important in the management of 
inflammatory, immune, and oxidative response associated to COVID-19 
infected patients. 

6. Cardioprotective effects of cilostazol 

The final stage of COVID-19 is characterized by multi-organ damage 
which contributes to the development of serious cardiovascular mani-
festations such as elevation of myocardial damage biomarkers, electro-
cardiography and echocardiography disorders, arrhythmias, 
myocarditis, heart failure, acute coronary syndrome, cardiogenic shock 
and arrest [36,100–103]. 

Zou et al. (2020) described that more than 7.5% of myocardial cells 
have positive ACE2 expression. Thus, ACE2 membrane proteins could 
mediate SARS-CoV-2 entry into cardiomyocytes and cause direct car-
diotoxicity [126]. The mechanisms of cardiovascular injury from 
COVID-19 have not been fully elucidated and it can be associated to 
direct cardiotoxicity or it can be driven by consequences of “cytokine 
storm” at cardiovascular system (vascular inflammation, plaque insta-
bility, myocardial inflammation, hypercoagulable state). Sepsis and DIC 
can also be associated to cardiac injury [122–125,127,128]. 

Patients that present comorbidities such as baseline hypertension, 
diabetes, coronary heart disease, heart failure, especially the elderly 
patients, have an enhanced probability to develop cardiac injury asso-
ciated to COVID-19. In turn, patients who develop cardiac injury have a 
worse prognosis, including ICU admission and death [129,130]. Guo 

et al., (2020) have described a retrospective, single-center case series of 
187 patients with COVID-19, where it was found that patients with pre- 
existing cardiovascular diseases (CVD) have presented more cardiac 
injury compared with patients without CVD (54.5% vs 13.2%, p <
0.001) [131]. Shi et al. (2020) reported that the mortality rate for 
hospitalized COVID-19 patients with subsequent evidence of cardiac 
injury was significantly higher than for those without cardiac injury 
(51.2% vs. 4.5%; p < 0.001) and, along with ARDS, it represents an 
independent predictor of death [132]. Arrhythmogenic manifestations 
were associated to 17% of hospitalized patients with COVID-19 (n = 23 
of 138 total), being most prevalent in ICU patients (44%, n = 16) when 
compared to non-ICU patients (7%, n = 7) [129]. Once the primary 
pulmonary injury and subsequent cardiovascular complications repre-
sent the key pathophysiology of COVID-19, a pharmacological treatment 
that can play a role in these different targets would be an important 
strategy. 

Cilostazol has been studied in different pathologies due to its po-
tential cardioprotective effects in experimental models and in clinical 
trials. Its effects may have direct benefits in cardiovascular complica-
tions developed by COVID-19. Tawfik et al. (2018) showed in an 
experimental model of acute cardiac injury induced by isoproterenol an 
important effect of cilostazol in reducing myocardial biomarkers as CK- 
MB and CK, in modifying electrocardiographic parameters, in addition 
to promoting anti-inflammatory and antioxidant effects through mod-
ulation of NF-κB and PI3K/Akt/mTOR pathway [16]. In an experimental 
model of heart failure, cilostazol was able to prevent diastolic dysfunc-
tion and hypertension by restoring left ventricular function, reducing 
inflammatory infiltrate and pro-inflammatory cytokines levels [133]. 

A multicenter retrospective study of stroke risk in antithrombotic 
therapy (RESTATE) showed that cilostazol prevents cardioembolic 
stroke in patients employing antiplatelet therapy. This data suggests a 
new strategy for the prevention of these occurrences [134]. Zhao et al. 
(2020) showed that cilostazol was able to suppress atrial remodeling 
induced by rapid atrial pacing in a dog model of atrial fibrillation (AF), 
indicating new targets and new strategies for AF management [135]. In 
myocardial ischemia/reperfusion model in mice, cilostazol has been 
shown to exert anti-inflammatory and antiapoptotic effects through 
PPARγ/JAK2/STAT3 activation [136]. 

Although further studies are still needed to clarify the cilostazol ef-
fects, to date, the evidence suggest that cilostazol may have car-
dioprotective effects in hospitalized patients, who present COVID-19 
associated cardiovascular manifestations. 

7. Cilostazol as a candidate adjuvant therapy to COVID-19 

Cilostazol is a well-tolerated, effective, and safe antiplatelet and 
vasodilatory drug approved for treatment of intermittent claudication. It 
has been the unique platelet inhibitor commercially applicable for more 
than 20 years [68]. 

The most common side effects of cilostazol include headache, 
tachycardia, dizziness, and diarrhea which in some cases contribute to 
the discontinuation of therapy [137]. Although it has a dual inhibitory 
effect on PDE-3 and adenosine uptake, cilostazol presents the lowest 
cardiac effects when compared to other PDE-3 inhibitors, being an 
alternative to aspirin for secondary stroke prevention and reduction of 
hemorrhagic stroke incidence [138]. Several studies highlight the cil-
ostazol effects on lung diseases in both animal model and clinical trials. 
In an animal model of monocrotaline-induced pulmonary hypertension, 
both cilostazol and sildenafil, a PDE-5 inhibitor, were effective in 
reducing pro-inflammatory cytokines and apoptosis markers expression 
[139,140]. In addition, in hospitalized patients who received tube 
feeding, cilostazol administration reduces the incidence of stroke- 
associated pneumonia [23]. In another study involving patients with 
acute cerebral infarction, cilostazol treatment was effective in pneu-
monia prevention [30]. A retrospective study demonstrated the effec-
tiveness of cilostazol in preventing aspiration pneumonia in acute 

Table 2 (continued ) 

Major findings Experimental design/ 
population 

Results 

Prevention of 
pneumonia 

Retrospective cohort 
Non-cardioembolic acute 
cerebral infarction 
patients 

Decrease in occurrence of 
pneumonia in patients with 
acute cerebral infarction. This 
effect has been associated with 
the increase of substance P 
induced by cilostazol, 
attenuating swallow reflex 
thereby reducing aspiration 
pneumonia [30]. 
Cilostazol reduced stroke- 
associated pneumonia [23]. 

Acute IS patients receiving 
TF 

Patients with acute and 
chronic cerebral 
infarction 

Cilostazol reduced pneumonia 
incidence probably due to 
improvement in swallowing 
function [141]. 

Randomized clinical trial 
Non-cardioembolic 
cerebral infarction in the 
chronic stage 

Administration of 200 mg/day 
cilostazol prevent recurrence 
of cerebral infarction and the 
onset of pneumonia [143]. 

Bronchoprotection Randomized Clinical trial 
Patients with mild to 
moderate stable asthma 
and healthy patients 

Cilostazol was able to reduce 
bronchial hyperresponsiveness 
to methacholine and presented 
a bronchodilator effect in 
elderly patients with asthma  
[144] and healthy patients  
[161,162]. 

Abbreviations: ICAM-1 - intercellular adhesion molecule-1; IL- interleukin; IS- 
ischemic stroke; sCD40L - soluble CD40 ligand; TF – tube feeding; TNF-α-tumor 
necrosis factor-alpha; VCAM-1 – vascular adhesion molecule-1. 
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cerebral infarction patients [141]. Cilostazol treatment has also shown 
effective in elderly patients with pneumonia [142,143] and asthma 
[144]. 

Given the wide distribution of PDEs and their role in the modulation 
of several cell types and functions, a range of PDE inhibitors have been 
evaluated for the treatment of COVID-19. In LPS-induced acute lung 
injury in mice, ZL-n-9, a PDE-4 inhibitor, demonstrated a potential anti- 
inflammatory effect through reducing pro-inflammatory cytokines 
levels [145]. Dipyridamole, a non-selective PDE inhibitor has been 
shown antiviral and anti-inflammatory effects with efficacy against RNA 
viruses [146], besides preventing acute lung injury and fibrosis in heart, 
liver and kidney [147,148]. A clinical trial demonstrated an important 
effect of dipyridamole in severe COVID-19 patients by decreasing of D- 
dimer levels, reducing the hypercoagulable state and the multi-organ 
damage [34]. Sildenafil, a PDE-5 inhibitor, initially approved for erec-
tile dysfunction treatment, also exerts important effects on pulmonary 
arterial hypertension [149], as well as anti-inflammatory, vasodilator 
and cardioprotective actions [150–152]. Recently, sildenafil has been 
investigated in a clinical trial to confirm its therapeutic effects on 
COVID-19 patients [153]. 

PDE-3 is associated to many physiological effects in different systems 
and plays an important role in respiratory diseases such as asthma and 
chronic obstructive pulmonary disease. COVID-19 infection, primarily 
affects the lungs and spreads, causing multiple organ failure. It seems 
reasonable to postulate that phosphodiesterase inhibitors can be an 
important pharmacological target to COVID-19 treatment [15,154]. In a 
recent study reported by Abosheasha and colleagues (2020), it was 
performed molecular docking-based virtual screening of 15 antiplatelet 
FDA-approved drugs on two main viral target protein of SARS-CoV-2, 
Mpro and spike glycoprotein, considered as molecular targets to 
COVID-19 treatment. This study revealed a superiority of cilostazol 
among all antiplatelets tested, as well as cilostazol was superior when 
compared to recent described inhibitors to COVID-19 treatment. Cil-
ostazol presented the highest binding interaction with Mpro and spike 
glycoprotein. These data suggest that cilostazol is a promising drug in 
the treatment of COVID-19. However, more studies are needed to 
confirm these findings [31]. This study reinforces the drug repurposing, 
in order to attend such an urgent clinical demand. This strategy drives 
the use of drugs with known safety profiles to new patient populations 
and, in COVID-19 scenario, the cilostazol use may represent a quick and 
attractive pharmacological approach in this race against time. The 
pleiotropic actions performed by cilostazol, suggests that it should be 
explored as a new therapeutic possibility at the complex pathophysi-
ology of COVID-19 [153]. The body of evidence support the PDEs in-
hibition as a possible therapeutic target in the COVID-19 treatment. 
Once cilostazol, through PDE-3 inhibition, presents important anti- 
inflammatory, anti-platelet, immunomodulatory, antioxidant and car-
dioprotective properties, we do believe that it can play an important role 
at COVID-19 treatment, especially in the fight to control cytokine storm 
and the fatal disclosures associated (Fig. 1). 

8. Conclusion 

COVID-19 is a viral infectious disease mainly manifested as fever and 
pneumonia. At present, there is not any antiviral therapy or vaccine 
available to specifically treat COVID-19 and only respiratory supportive 
therapies and anti-inflammatory drugs remain as the mainstream of 
treatments for severe cases. Anti-inflammatory drugs are especially 
important to interrupt cytokine storm phenomenon and all complica-
tions associated, even death. All the scientific community is searching 
for an effective, safe, and already available therapy useful to minimize 
poor prognosis. The main candidates are anti-inflammatory and 
antithrombotic drugs in order to minimize the most common compli-
cations observed. In a short term, drug repositioning approach may be 
more appealing and quicker in the fight against COVID-19. In molecular 
docking study, cilostazol showed its superiority among all antiplatelet 

drugs by inhibiting both Mpro and spike protein. Moreover, several 
preclinical and clinical studies have already demonstrated its beneficial 
properties in different systems damaged by SARS-CoV-2, which rein-
force the cilostazol employment as an adjuvant therapy for COVID-19. 
The potential therapeutic effect of cilostazol as an adjuvant use in the 
treatment of COVID-19 should be investigated in proof of concept 
studies, as well as in randomized clinical trials to corroborate its ther-
apeutic use in the future. 

CRediT authorship contribution statement 

Nadia Alice Vieira Motta: Conceptualization, Writing - original 
draft, Visualization, Writing - review & editing. Lis Jappour Autran: 
Conceptualization, Writing - original draft, Visualization. Stephani 
Correia Brazão: Conceptualization, Writing - original draft, Visualiza-
tion. Rosane de Oliveira Lopes: . Christianne Brêtas Vieira Scar-
amello: Writing - review & editing. Gabriel Ferreira Lima: Writing - 
original draft. Fernanda Carla Ferreira de Brito: Writing - review & 
editing. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgement 

This study was financed in part by the Coordenação de Aperfeiçoa-
mento de Pessoal de Nível Superior - Brasil (CAPES) - Finance Code 001; 
Rio de Janeiro State Foundation for Scientific Research (FAPERJ) – 
Grant #E-26/110.420/2014, E-26/010.002849/2014 and E-26/ 
110743/2012; and Fluminense Federal University (UFF)/FOPESQ 2013, 
2014 (BR). We would like to thank all health professionals who are 
fighting on the frontlines against the COVID-19 pandemic. 

References 

[1] R. Adão, T.J. Guzik, Inside the heart of COVID-19, Cardiovasc. Res. 116 (2020) 
e59–e61. 

[2] E. Terpos, I. Ntanasis-Stathopoulos, I. Elalamy, E. Kastritis, T.N. Sergentanis, 
M. Politou, T. Psaltopoulou, G. Gerotziafas, M.A. Dimopoulos, Hematological 
findings and complications of COVID-19, Am. J. Hematol. 2 (2020) 1–14. 

[3] X. Yang, Q. Yang, Y. Wang, Y. Wu, J. Xu, Y. Yu, Y. Shang, Thrombocytopenia and 
Its Association with Mortality in Patients with COVID-19, J. Thromb. Haemost. 
(2020). 
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[7] R. Escher, N. Breakey, B. Lämmle, Severe COVID-19 infection associated with 
endothelial activation, Thromb. Res. 190 (2020) 62. 

[8] Q. Ye, B. Wang, J. Mao, The pathogenesis and treatment of the ‘Cytokine Storm’’ 
in COVID-19’, J. Infect. 80 (2020) 607–613. 

[9] C. Wu, X. Chen, Y. Cai, J. Xia, X. Zhou, S. Xu, H. Huang, L. Zhang, X. Zhou, C. Du, 
Y. Zhang, J. Song, S. Wang, Y. Chao, Z. Yang, J. Xu, X. Zhou, D. Chen, W. Xiong, 
L. Xu, F. Zhou, J. Jiang, C. Bai, J. Zheng, Y. Song, Risk Factors Associated with 
Acute Respiratory Distress Syndrome and Death in Patients with Coronavirus 
Disease 2019 Pneumonia in Wuhan, China, JAMA Intern. Med. (2020) 1–10. 

[10] E. Mahase, Covid-19: Demand for dexamethasone surges as RECOVERY trial 
publishes preprint, BMJ 369 (2020) m2512. 

[11] X. Xu, M. Han, T. Li, W. Sun, D. Wang, B. Fu, Y. Zhou, X. Zheng, Y. Yang, X. Li, 
X. Zhang, A. Pan, H. Wei, Effective treatment of severe COVID-19 patients with 
tocilizumab, Proc. Natl. Acad. Sci. U. S. A. 117 (2020) 10970–10975. 

[12] L. Tan, B. Margaret, J.H. Zhang, R. Hu, Y. Yin, L. Cao, H. Feng, Y. Zhang, Efficacy 
and safety of cilostazol therapy in ischemic stroke: A meta-analysis, J. Stroke 
Cerebrovasc. Dis. 24 (2015) 930–938. 

N.A.V. Motta et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S1567-5769(20)33803-0/h0005
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0005
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0010
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0010
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0010
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0015
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0015
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0015
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0020
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0020
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0025
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0025
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0025
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0030
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0030
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0030
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0030
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0035
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0035
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0040
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0040
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0045
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0045
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0045
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0045
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0045
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0050
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0050
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0055
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0055
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0055
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0060
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0060
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0060


International Immunopharmacology 92 (2021) 107336

9

[13] P.A. Insel, F. Murray, U. Yokoyama, S. Romano, H. Yun, L. Brown, A. Snead, 
D. Lu, N. Aroonsakool, CAMP and Epac in the regulation of tissue fibrosis, Br. J. 
Pharmacol. 166 (2012) 447–456. 

[14] C.K. Billington, O.O. Ojo, R.B. Penn, S. Ito, cAMP regulation of airway smooth 
muscle function, Pulm. Pharmacol. Ther. 26 (2013) 112–120. 

[15] M. Giorgi, S. Cardarelli, F. Ragusa, M. Saliola, S. Biagioni, G. Poiana, F. Naro, 
M. Massimi, Phosphodiesterase Inhibitors: Could They Be Beneficial for the 
Treatment of COVID-19? Int. J. Mol. Sci. 21 (2020) 5338. 

[16] M.K. Tawfik, M.K. El-Kherbetawy, S. Makary, Cardioprotective and Anti- 
Aggregatory Effects of Levosimendan on Isoproterenol-Induced Myocardial Injury 
in High-Fat-Fed Rats Involves Modulation of PI3K/Akt/mTOR Signaling Pathway 
and Inhibition of Apoptosis: Comparison to Cilostazol, J. Cardiovasc. Pharmacol. 
Ther. 23 (2018) 456–471. 

[17] N.A.V. da Motta, F.C.F. de Brito, Cilostazol exerts antiplatelet and anti- 
inflammatory effects through AMPK activation and NF-kB inhibition on 
hypercholesterolemic rats, Fundam. Clin. Pharmacol. 30 (2016) 327–337. 

[18] Y. Chen, I. Pandiri, Y. Joe, H.J. Kim, S.K. Kim, J. Park, J. Ryu, G.J. Cho, J.W. Park, 
S.W. Ryter, H.T. Chung, Synergistic Effects of Cilostazol and Probucol on ER 
Stress-Induced Hepatic Steatosis via Heme Oxygenase-1-Dependent Activation of 
Mitochondrial Biogenesis, Oxid. Med. Cell. Longev. 2016 (2016). 

[19] S.C. Chattipakorn, S. Thummasorn, J. Sanit, N. Chattipakorn, Phosphodiesterase- 
3 inhibitor (cilostazol) attenuates oxidative stress-induced mitochondrial 
dysfunction in the heart, J. Geriatr. Cardiol. 11 (2014) 151–157. 

[20] M. Yoshikawa, A. Suzumura, T. Tamaru, T. Takayanagi, M. Sawada, Effects of 
phosphodiesterase inhibitors on cytokine production by microglia, Mult. Scler. 5 
(1999) 126–133. 

[21] W.K. Jung, D.Y. Lee, C. Park, Y.H. Choi, I. Choi, S.G. Park, S.K. Seo, S.W. Lee, S. 
S. Yea, S.C. Ahn, C.M. Lee, W.S. Park, J.H. Ko, I.W. Choi, Cilostazol is anti- 
inflammatory in BV2 microglial cells by inactivating nuclear factor-kappaB and 
inhibiting mitogen-activated protein kinases, Br. J. Pharmacol. 159 (2010) 
1274–1285. 

[22] T.T. M.Yoshikawa, A.Suzumura, A. Ito, T. Tamaru, Yoshikawa M_Effect of 
phosphodiesterase inhibitors on nitric oxide production by glial cells_2002.pdf, 
196 (3) (2002) 167–77. 

[23] S. Netsu, A. Mizuma, M. Sakamoto, S. Yutani, E. Nagata, S. Takizawa, Cilostazol is 
Effective to Prevent Stroke-Associated Pneumonia in Patients Receiving Tube 
Feeding, Dysphagia 33 (2018) 716–724. 

[24] T. Sakamoto, W. Ohashi, K. Tomita, K. Hattori, N. Matsuda, International 
Immunopharmacology Anti-in fl ammatory properties of cilostazol: Its 
interruption of DNA binding activity of NF- κ B from the Toll-like receptor 
signaling pathways, Int. Immunopharmacol. 62 (2018) 120–131. 

[25] C.S. Tsai, F.Y. Lin, Y.H. Chen, T.L. Yang, H.J. Wang, G.S. Huang, C.Y. Lin, Y. 
T. Tsai, S.J. Lin, C.Y. Li, Cilostazol attenuates MCP-1 and MMP-9 expression in 
vivo in LPS-administrated balloon-injured rabbit aorta and in vitro in LPS-treated 
monocytic THP-1 cells, J. Cell. Biochem. 103 (2008) 54–66. 

[26] W.S. Park, W.K. Jung, D.Y. Lee, C. Moon, S.S. Yea, S.G. Park, S.K. Seo, C. Park, Y. 
H. Choi, G.Y. Kim, J.S. Choi, I.W. Choi, Cilostazol protects mice against endotoxin 
shock and attenuates LPS-induced cytokine expression in RAW 264.7 
macrophages via MAPK inhibition and NF-κB inactivation: Not involved in cAMP 
mechanisms, Int. Immunopharmacol. 10 (2010) 1077–1085. 

[27] L. Gao, F. Wang, B. Wang, B. Gong, J. Zhang, X. Zhang, J. Zhao, Cilostazol 
protects diabetic rats from vascular inflammation via nuclear factor-κB- 
dependent down-regulation of vascular cell adhesion molecule-1 expression, 
J. Pharmacol. Exp. Ther. 318 (2006) 53–58. 

[28] F. Wang, M. Li, L. Cheng, T. Zhang, J. Hu, M. Cao, J. Zhao, R.C. Guo, L. Gao, 
X. Zhang, Intervention with cilostazol attenuates renal inflammation in 
streptozotocin-induced diabetic rats, Life Sci. 83 (2008) 828–835. 

[29] H. Nakashima, K. Watanabe, H. Umegaki, Y. Suzuki, M. Kuzuya, Cilostazol for the 
prevention of pneumonia: a systematic review, Pneumonia. 10 (2018) 1–7. 

[30] Y. Nakamura, H. Nakajima, F. Kimura, K. Unoda, S. Arawaka, Preventive Effect of 
Cilostazol on Pneumonia in Patients with Acute Cerebral Infarction, J. Stroke 
Cerebrovasc. Dis. 27 (2018) 2354–2359. 

[31] M.A. Abosheasha, A.H. El-Gowily, Superiority of cilostazol among antiplatelet 
FDA-approved drugs against COVID 19 Mpro and spike protein: Drug repurposing 
approach, Drug Dev. Res. (2020) 1–13. 

[32] J.-F. Dhainaut, Y.-E. Claessens, J. Janes, D.R. Nelson, Underlying Disorders and 
Their Impact on the Host Response to Infection, Clin. Infect. Dis. 41 (2005) 
S481–S489. 

[33] M. Madjid, P. Safavi-Naeini, S.D. Solomon, O. Vardeny, Potential Effects of 
Coronaviruses on the Cardiovascular System: A Review, JAMA Cardiol. 10 (2020) 
1–10. 

[34] H. Li, L. Liu, D. Zhang, J. Xu, H. Dai, N. Tang, X. Su, B. Cao, SARS-CoV-2 and viral 
sepsis: observations and hypotheses, Lancet 395 (2020) 1517–1520. 

[35] M.Z. Tay, C.M. Poh, L. Rénia, P.A. MacAry, L.F.P. Ng, The trinity of COVID-19: 
immunity, inflammation and intervention, 2020. 

[36] Q. Ruan, K. Yang, W. Wang, L. Jiang, J. Song, Clinical predictors of mortality due 
to COVID-19 based on an analysis of data of 150 patients from Wuhan, China, 
Springer, Berlin Heidelberg, 2020. 

[37] R. Lu, X. Zhao, J. Li, P. Niu, B. Yang, H. Wu, W. Wang, H. Song, B. Huang, N. Zhu, 
Y. Bi, X. Ma, F. Zhan, L. Wang, T. Hu, H. Zhou, Z. Hu, W. Zhou, L. Zhao, J. Chen, 
Y. Meng, J. Wang, Y. Lin, J. Yuan, Z. Xie, J. Ma, W.J. Liu, D. Wang, W. Xu, E. 
C. Holmes, G.F. Gao, G. Wu, W. Chen, W. Shi, W. Tan, Genomic characterisation 
and epidemiology of 2019 novel coronavirus: implications for virus origins and 
receptor binding, Lancet 395 (2020) 565–574. 

[38] F. Salamanna, M. Maglio, M.P. Landini, M. Fini, Platelet functions and activities 
as potential hematologic parameters related to Coronavirus Disease 2019 (Covid- 
19), Platelets (2020) 1–6. 

[39] F. Li, Structure, Function, and Evolution of Coronavirus Spike, Proteins (2016) 
1–25. 

[40] Y. Imai, K. Kuba, S. Rao, Y. Huan, F. Guo, B. Guan, P. Yang, R. Sarao, T. Wada, 
H. Leong-Poi, M.A. Crackower, A. Fukamizu, C.C. Hui, L. Hein, S. Uhlig, A. 
S. Slutsky, C. Jiang, J.M. Penninger, Angiotensin-converting enzyme 2 protects 
from severe acute lung failure, Nature 436 (2005) 112–116. 

[41] I. Hamming, W. Timens, M.L.C. Bulthuis, A.T. Lely, G.J. Navis, H. van Goor, 
Tissue distribution of ACE2 protein, the functional receptor for SARS coronavirus. 
A first step in understanding SARS pathogenesis, J. Pathol. 203 (2004) 631–637. 

[42] S. Jensen, A.R. Thomsen, Sensing of RNA Viruses : a Review of Innate Immune 
Receptors Involved in Recognizing RNA Virus Invasion, (2012) 2900–2910. 

[43] Y. Jamilloux, T. Henry, A. Belot, S. Viel, M. Fauter, T. El Jammal, T. Walzer, 
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M. Cushman, I. Quéré, E.P. Dimakakos, C.M. Gibson, G. Lippi, E.J. Favaloro, 
J. Fareed, J.A. Caprini, A.J. Tafur, J.R. Burton, D.P. Francese, E.Y. Wang, 
A. Falanga, C. McLintock, B.J. Hunt, A.C. Spyropoulos, G.D. Barnes, J. 
W. Eikelboom, I. Weinberg, S. Schulman, M. Carrier, G. Piazza, J.A. Beckman, P. 
G. Steg, G.W. Stone, S. Rosenkranz, S.Z. Goldhaber, S.A. Parikh, M. Monreal, H. 
M. Krumholz, S.V. Konstantinides, J.I. Weitz, G.Y.H. Lip, COVID-19 and 
Thrombotic or Thromboembolic Disease: Implications for Prevention, 
Antithrombotic Therapy, and Follow-up, J. Am. Coll. Cardiol. (2020). 

[57] M.G.E. Rommel, C. Milde, R. Eberle, H. Schulze, U. Modlich, Endothelial–platelet 
interactions in influenza-induced pneumonia: A potential therapeutic target, J. 
Vet. Med. Ser. C, Anat. Histol. Embryol. (2019) 1–14. 

N.A.V. Motta et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S1567-5769(20)33803-0/h0065
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0065
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0065
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0070
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0070
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0075
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0075
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0075
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0080
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0080
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0080
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0080
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0080
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0085
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0085
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0085
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0090
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0090
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0090
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0090
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0095
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0095
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0095
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0100
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0100
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0100
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0105
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0105
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0105
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0105
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0105
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0115
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0115
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0115
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0120
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0120
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0120
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0120
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0125
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0125
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0125
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0125
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0130
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0130
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0130
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0130
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0130
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0135
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0135
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0135
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0135
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0140
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0140
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0140
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0145
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0145
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0150
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0150
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0150
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0155
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0155
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0155
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0160
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0160
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0160
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0165
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0165
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0165
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0170
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0170
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0180
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0180
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0180
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0185
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0185
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0185
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0185
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0185
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0185
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0190
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0190
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0190
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0195
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0195
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0200
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0200
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0200
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0200
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0205
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0205
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0205
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0215
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0215
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0215
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0215
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0220
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0235
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0235
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0240
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0240
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0240
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0245
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0245
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0250
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0250
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0250
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0250
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0250
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0250
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0255
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0255
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0255
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0255
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0260
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0260
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0260
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0265
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0265
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0265
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0270
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0270
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0270
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0275
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0275
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0275
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0280
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0285
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0285
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0285


International Immunopharmacology 92 (2021) 107336

10

[58] S.J. Cameron, D.S. Mix, S.K. Ture, R.A. Schmidt, A. Mohan, D. Pariser, M. 
C. Stoner, P. Shah, L. Chen, H. Zhang, D.J. Field, K.L. Modjeski, S. Toth, C. 
N. Morrell, Hypoxia and ischemia promote a maladaptive platelet phenotype, 
Arterioscler. Thromb. Vasc. Biol. 38 (2018) 1594–1606. 

[59] N. Gupta, Y.Y. Zhao, C.E. Evans, The stimulation of thrombosis by hypoxia, 
Thromb. Res. 181 (2019) 77–83. 

[60] S.F. Yan, N. Mackman, W. Kisiel, D.M. Stern, D.J. Pinsky, Hypoxia/hypoxemia- 
induced activation of the procoagulant pathways and the pathogenesis of 
ischemia-associated thrombosis, Arterioscler. Thromb. Vasc. Biol. 19 (1999) 
2029–2035. 

[61] N. Gupta, A. Sahu, A. Prabhakar, T. Chatterjee, T. Tyagi, B. Kumari, N. Khan, 
V. Nair, N. Bajaj, M. Sharma, M.Z. Ashraf, Activation of NLRP3 inflammasome 
complex potentiates venous thrombosis in response to hypoxia, Proc. Natl. Acad. 
Sci. U. S. A. 114 (2017) 4763–4768. 

[62] E.D. Hottz, I.M. Medeiros-de-Moraes, A. Vieira-de-Abreu, E.F. de Assis, R. Vals-de- 
Souza, H.C. Castro-Faria-Neto, A.S. Weyrich, G.A. Zimmerman, F.A. Bozza, P. 
T. Bozza, Platelet Activation and Apoptosis Modulate Monocyte Inflammatory 
Responses in Dengue, J. Immunol. 193 (2014) 1864–1872. 

[63] M. Koupenova, H.A. Corkrey, O. Vitseva, G. Manni, C.J. Pang, L. Clancy, C. Yao, 
J. Rade, D. Levy, J.P. Wang, R.W. Finberg, E.A. Kurt-Jones, J.E. Freedman, The 
role of platelets in mediating a response to human influenza infection, Nat. 
Commun. 10 (2019). 

[64] Y. Wang, Y. Ouyang, B. Liu, X. Ma, R. Ding, Platelet activation and antiplatelet 
therapy in sepsis: A narrative review, Thromb. Res. 166 (2018) 28–36. 

[65] A.T. Obi, C.J. Tignanelli, B.N. Jacobs, S. Arya, P.K. Park, T.W. Wakefield, P. 
K. Henke, L.M. Napolitano, Empirical systemic anticoagulation is associated with 
decreased venous thromboembolism in critically ill influenza A H1N1 acute 
respiratory distress syndrome patients, J. Vasc. Surg. Venous Lymphat. Disord. 7 
(2019) 317–324. 

[66] E.D. Hottz, I.G. Azevedo-Quintanilha, L. Palhinha, L. Teixeira, E.A. Barreto, C.R. 
R. Pão, C. Righy, S. Franco, T.M.L. Souza, P. Kurtz, F.A. Bozza, P.T. Bozza, Platelet 
activation and platelet-monocyte aggregate formation trigger tissue factor 
expression in patients with severe COVID-19, Blood. 136 (2020) 1330–1341. 

[67] S. Goto, Cilostazol: Potential mechanism of action for antithrombotic effects 
accompanied by a low rate of bleeding, Atheroscler. Suppl. 6 (2005) 3–11. 

[68] K.C. Rogers, C.S. Oliphant, S.W. Finks, Clinical efficacy and safety of cilostazol: A 
critical review of the literature, Drugs. 75 (2015) 377–395. 

[69] H. Kariyazono, K. Nakamura, T. Shinkawa, T. Yamaguchi, R. Sakata, K. Yamada, 
Inhibition of platelet aggregation and the release of P-selectin from platelets by 
cilostazol, Thromb. Res. 101 (2001) 445–453. 

[70] Y. Tamai, H. Takami, R. Nakahata, F. Ono, A. Munakata, Comparison of the 
effects of acetylsalicylic acid, ticlopidine and cilostazol on primary hemostasis 
using a quantitative bleeding time test apparatus, Haemostasis 29 (2000) 
269–276. 

[71] T.M. Chapman, K.L. Goa, Cilostazol: A review of its use in intermittent 
claudication, Am. J. Cardiovasc. Drugs. 3 (2003) 117–138. 

[72] K. Noma, Y. Higashi, Cilostazol for treatment of cerebral infarction, Expert Opin. 
Pharmacother. 19 (2018) 1719–1726. 

[73] J.L. Anderson, J.L. Halperin, N.M. Albert, B. Bozkurt, R.G. Brindis, L.H. Curtis, 
D. DeMets, R.A. Guyton, J.S. Hochman, R.J. Kovacs, E.M. Ohman, S.J. Pressler, F. 
W. Sellke, W.K. Shen, T.W. Rooke, A.T. Hirsch, S. Misra, A.N. Sidawy, J. 
A. Beckman, L.K. Findeiss, J. Golzarian, H.L. Gornik, M.R. Jaff, G.L. Moneta, J. 
W. Olin, J.C. Stanley, C.J. White, J.V. White, R.E. Zierler, Z.J. Haskal, N. 
R. Hertzer, C.W. Bakal, M.A. Creager, L.F. Hiratzka, W.R.C. Murphy, J. 
B. Puschett, K.A. Rosenfield, D. Sacks, L.M. Taylor, R.A. White, Management of 
patients with peripheral artery disease (compilation of 2005 and 2011 ACCF/ 
AHA guideline recommendations): A report of the American College of 
Cardiology Foundation/American Heart Association Task Force on practice 
guidelines, Circulation 127 (2013) 1425–1443. 

[74] A. Azarbal, L. Clavijo, M.A. Gaglia, Antiplatelet therapy for peripheral arterial 
disease and critical limb ischemia: Guidelines abound, but where are the data? 
J. Cardiovasc. Pharmacol. Ther. 20 (2015) 144–156. 

[75] F. Gotoh, H. Tohgi, S. Hirai, A. Terashi, Y. Fukuuchi, E. Otomo, Y. Shinohara, 
E. Itoh, T. Matsuda, T. Sawada, T. Yamaguchi, K. Nishimaru, Y. Ohashi, Cilostazol 
stroke prevention study: A placebo-controlled double-blind trial for secondary 
prevention of cerebral infarction, J. Stroke Cerebrovasc. Dis. 9 (2000) 147–157. 

[76] K. Toyoda, S. Uchiyama, T. Yamaguchi, J.D. Easton, K. Kimura, H. Hoshino, 
N. Sakai, Y. Okada, K. Tanaka, H. Origasa, H. Naritomi, K. Houkin, K. Yamaguchi, 
M. Isobe, K. Minematsu, S. Goto, T. Isomura, M. Matsumoto, Y. Terayama, 
H. Tomimoto, T. Tominaga, S. Yasuda, N. Kumagai, Dual antiplatelet therapy 
using cilostazol for secondary prevention in patients with high-risk ischaemic 
stroke in Japan: a multicentre, open-label, randomised controlled trial, Lancet 
Neurol. 18 (2019) 539–548. 

[77] N. Katakami, Y.S. Kim, R. Kawamori, Y. Yamasaki, The phosphodiesterase 
inhibitor cilostazol induces regression of carotid atherosclerosis in subjects with 
type 2 diabetes mellitus: Principal results of the diabetic atherosclerosis 
prevention by cilostazol (DAPC) study: A randomized trial, Circulation 121 
(2010) 2584–2591. 

[78] S. Hong, M. Nam, B.B. Little, S. Paik, K. Lee, J. Woo, D. Kim, J. Kang, M. Chun, 
Y. Park, Randomized control trial comparing the effect of cilostazol and aspirin 
on changes in carotid intima-medial thickness, Heart Vessels. 34 (2019) 
1758–1768. 

[79] H. Ito, G. Miyakoda, T. Mori, Cilostazol inhibits platelet-leukocyte interaction by 
suppression of platelet activation, Platelets 15 (2004) 293–301. 

[80] T. Stokol, P.B.S. Serpa, M.N. Zahid, M.B. Brooks, Unfractionated and low- 
molecular-weight heparin and the phosphodiesterase inhibitors, IBMX and 

cilostazol, block ex vivo equid herpesvirus type-1-Induced platelet activation, 
Front. Vet. Sci. 3 (2016) 1–10. 

[81] Y. Park, K.H. Kim, M.G. Kang, J.H. Ahn, J.Y. Jang, H.W. Park, J.S. Koh, J.R. Park, 
S.J. Hwang, Y.H. Jeong, J.Y. Hwang, H.R. Lee, C.H. Kwak, Antiplatelet therapy 
combinations and thrombogenicity in patients with non-valvular atrial 
fibrillation, Korean Circ. J. 47 (2017) 366–376. 

[82] F. Song, B. Ji, T. Chen, Cilostazol on the expression of ICAM-1, VCAM-1 and 
inflammatory factors in plasma in patients with thromboangiitis obliterans, Exp. 
Ther. Med. 16 (2018) 2349–2354. 

[83] D.H. Maurice, H. Ke, F. Ahmad, Y. Wang, J. Chung, V.C. Manganiello, Advances 
in targeting cyclic nucleotide phosphodiesterases, Nat. Rev. Drug Discov. 13 
(2014) 290–314. 

[84] B.M. Hendry, N. Stafford, A.D. Arnold, A. Sangwaiya, V. Manglam, S.D. Rosen, 
J. Arnold, Hypothesis: Pentoxifylline is a potential cytokine modulator 
therapeutic in COVID-19 patients, Pharmacol. Res. Perspect. 8 (2020) 1–5. 

[85] S.Y. Park, S.W. Lee, S.H. Baek, S.J. Lee, W.S. Lee, B.Y. Rhim, K.W. Hong, C. 
D. Kim, Induction of heme oxygenase-1 expression by cilostazol contributes to its 
anti-inflammatory effects in J774 murine macrophages, Immunol. Lett. 136 
(2011) 138–145. 

[86] J. hyeon Park, B. hyun Choi, S.K. Ku, D. hyun Kim, K.A. Jung, E. Oh, M.K. Kwak, 
Amelioration of high fat diet-induced nephropathy by cilostazol and rosuvastatin, 
Arch. Pharm. Res. 40 (2017) 391–402. 

[87] Q.L. Wang, L. Yang, Y. Peng, M. Gao, M.S. Yang, W. Xing, X.Z. Xiao, Ginsenoside 
Rg1 regulates SIRT1 to ameliorate sepsis-induced lung inflammation and injury 
via inhibiting endoplasmic reticulum stress and inflammation, Mediators 
Inflamm. 2019 (2019) 1–11. 

[88] H. Ota, M. Eto, M.R. Kano, S. Ogawa, K. Iijima, M. Akishita, Y. Ouchi, Cilostazol 
inhibits oxidative stress-induced premature senescence via upregulation of Sirt1 
in human endothelial cells, Arterioscler. Thromb. Vasc. Biol. 28 (2008) 
1634–1639. 

[89] H.R. Lee, H.K. Shin, S.Y. Park, H.Y. Kim, S.S. Bae, Cilostazol Upregulates 
Autophagy via SIRT1 Activation: Reducing Amyloid- β Peptide and APP-CTF β 
Levels in Neuronal Cells, (2015) 1–14. 

[90] S.L. Kabil, Beneficial effects of cilostazol on liver injury induced by common bile 
duct ligation in rats: Role of SIRT1 signaling pathway, Clin. Exp. Pharmacol. 
Physiol. 45 (2018) 1341–1350. 

[91] H.A. Al-Kishali, M.A. Abd El Fattah, W.A. Mohammad, H.S. El-Abhar, Cilostazol 
against 2,4,6-trinitrobenzene sulfonic acid-induced colitis: Effect on tight 
junction, inflammation, and apoptosis, JGH Open. 3 (2019) 281–289. 

[92] Y. Kangawa, T. Yoshida, H. Abe, Y. Seto, T. Miyashita, M. Nakamura, T. Kihara, 
S. mo Hayashi, M. Shibutani, Anti-inflammatory effects of the selective 
phosphodiesterase 3 inhibitor, cilostazol, and antioxidants, enzymatically- 
modified isoquercitrin and α-lipoic acid, reduce dextran sulphate sodium-induced 
colorectal mucosal injury in mice, Exp. Toxicol. Pathol. 69 (2017) 179–186. 

[93] Y. Kangawa, T. Yoshida, K. Maruyama, M. Okamoto, T. Kihara, M. Nakamura, 
M. Ochiai, Y. Hippo, S. mo Hayashi, M. Shibutani, Cilostazol and enzymatically 
modified isoquercitrin attenuate experimental colitis and colon cancer in mice by 
inhibiting cell proliferation and inflammation, Food Chem. Toxicol. 100 (2017) 
103–114. 

[94] S.M. Elshazly, A.E.M. Elhassanny, N.M. Mahmoud, Cilostazol protects against 
acetic acid-induced colitis in rats: Possible role for cAMP/SIRT1 pathway, 
Elsevier B.V., 2020. 

[95] A.R. Yoo, S.H. Koh, G.W. Cho, S.H. Kim, Inhibitory effects of cilostazol on 
proliferation of vascular smooth muscle cells (VSMCs) through suppression of the 
ERK1/2 pathway, J. Atheroscler. Thromb. 17 (2010) 1009–1018. 

[96] S.C. Su, Y.J. Hung, C.L. Huang, Y.S. Shieh, C.Y. Chien, C.F. Chiang, J.S. Liu, C. 
H. Lu, C.H. Hsieh, C.M. Lin, C.H. Lee, Cilostazol inhibits hyperglucose-induced 
vascular smooth muscle cell dysfunction by modulating the RAGE/ERK/NF-κB 
signaling pathways, J. Biomed. Sci. 26 (2019) 1–13. 

[97] C.H. Lee, Y.J. Hung, Y.S. Shieh, C.Y. Chien, Y.J. Hsu, C.Y. Lin, C.F. Chiang, C. 
L. Huang, C.H. Hsieh, Cilostazol inhibits uremic toxin–induced vascular smooth 
muscle cell dysfunction: Role of Axl signaling, Am. J. Physiol. - Ren. Physiol. 312 
(2017) F398–F406. 

[98] F. Sun, Z. Yin, H.S. Yu, Q.X. Shi, B. Zhao, L.G. Zhang, S.L. Wang, Cilostazol 
inhibits plasmacytoid dendritic cell activation and antigen presentation, 
J. Geriatr. Cardiol. 12 (2015) 388–393. 

[99] W. Jung, D. Lee, C. Park, Y.H. Choi, I. Choi, S. Park, S. Seo, S. Lee, S.S. Yea, S. 
Ahn, C. Lee, W.S. Park, J. Ko, I. Choi, Cilostazol is anti-inflammatory in BV2 
microglial cells by inactivating nuclear factor-kappaB and inhibiting mitogen- 
activated protein kinases Abbreviations:, (2010) 1274–1285. 

[100] S.A. Hedya, M.M. Safar, A.K. Bahgat, Cilostazol Mediated Nurr1 and Autophagy 
Enhancement: Neuroprotective Activity in Rat Rotenone PD Model, Mol. 
Neurobiol. 55 (2018) 7579–7587. 

[101] K.C. Chang, Cilostazol inhibits HMGB1 release in LPS-activated RAW 264.7 cells 
and increases the survival of septic mice, Thromb. Res. 136 (2015) 456–464. 

[102] S. Cicco, G. Cicco, V. Racanelli, A. Vacca, Neutrophil Extracellular Traps (NETs) 
and Damage-Associated Molecular Patterns (DAMPs): Two Potential Targets for 
COVID-19 Treatment, Mediators Inflamm. 2020 (2020). 

[103] F. Brombacher, R.A. Kastelein, G. Alber, Novel IL-12 family members shed light 
on the orchestration of Th1 responses, Trends Immunol. 24 (2003) 207–212. 

[104] G. Trinchieri, S. Pflanz, R.A. Kastelein, The IL-12 family of heterodimeric 
cytokines: New players in the regulation of T cell responses, Immunity 19 (2003) 
641–644. 

[105] B.S. McKenzie, R.A. Kastelein, D.J. Cua, Understanding the IL-23-IL-17 immune 
pathway, Trends Immunol. 27 (2006) 17–23. 

N.A.V. Motta et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S1567-5769(20)33803-0/h0290
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0290
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0290
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0290
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0295
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0295
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0300
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0300
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0300
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0300
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0305
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0305
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0305
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0305
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0310
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0310
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0310
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0310
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0315
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0315
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0315
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0315
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0320
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0320
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0325
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0325
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0325
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0325
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0325
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0330
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0330
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0330
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0330
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0335
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0335
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0340
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0340
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0345
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0345
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0345
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0350
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0350
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0350
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0350
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0355
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0355
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0360
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0360
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0365
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0370
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0370
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0370
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0375
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0375
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0375
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0375
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0380
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0380
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0380
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0380
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0380
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0380
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0380
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0385
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0385
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0385
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0385
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0385
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0390
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0390
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0390
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0390
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0395
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0395
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0400
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0400
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0400
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0400
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0405
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0405
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0405
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0405
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0410
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0410
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0410
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0415
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0415
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0415
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0420
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0420
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0420
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0425
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0425
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0425
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0425
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0430
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0430
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0430
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0435
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0435
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0435
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0435
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0440
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0440
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0440
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0440
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0450
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0450
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0450
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0455
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0455
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0455
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0460
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0460
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0460
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0460
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0460
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0465
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0465
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0465
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0465
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0465
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0470
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0470
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0470
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0475
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0475
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0475
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0480
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0480
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0480
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0480
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0485
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0485
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0485
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0485
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0490
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0490
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0490
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0500
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0500
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0500
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0505
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0505
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0510
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0510
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0510
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0515
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0515
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0520
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0520
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0520
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0525
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0525


International Immunopharmacology 92 (2021) 107336

11

[106] C.L. Langrish, B.S. McKenzie, N.J. Wilson, R. De Waal Malefyt, R.A. Kastelein, D. 
J. Cua, IL-12 and IL-23: Master regulators of innate and adaptive immunity, 
Immunol. Rev. 202 (2004) 96–105. 

[107] C.A. Murphy, C.L. Langrish, Y. Chen, W. Blumenschein, T. McClanahan, R. 
A. Kastelein, J.D. Sedgwick, D.J. Cua, Divergent Pro- and Antiinflammatory Roles 
for IL-23 and IL-12 in Joint Autoimmune Inflammation, J. Exp. Med. 198 (2003) 
1951–1957. 

[108] J. An, T. Li, Y. Dong, Z. Li, J. Huo, Terminalia chebulanin attenuates psoriatic skin 
lesion via regulation of heme oxygenase-1, Cell. Physiol. Biochem. 39 (2016) 
531–543, https://doi.org/10.1159/000445645. 

[109] Q. Shi, Z. Yin, P. Liu, B. Zhao, Z. Zhang, S. Mao, T. Wei, M. Rao, L. Zhang, 
S. Wang, Cilostazol Suppresses IL-23 Production in Human Dendritic Cells via an 
AMPK-Dependent Pathway, Cell. Physiol. Biochem. 40 (2016) 499–508. 

[110] H.K. Shin, Y.K. Kim, K.Y. Kim, J.H. Lee, K.W. Hong, Remnant Lipoprotein 
Particles Induce Apoptosis in Endothelial Cells by NAD(P)H Oxidase-Mediated 
Production of Superoxide and Cytokines via Lectin-Like Oxidized Low-Density 
Lipoprotein Receptor-1 Activation: Prevention by Cilostazol, Circulation 109 
(2004) 1022–1028. 

[111] Y.P. So, H.L. Jeong, D.K. Chi, S.L. Won, S.P. Won, J. Han, Y.G. Kwak, Y.K. Ki, W. 
H. Ki, Cilostazol suppresses superoxide production and expression of adhesion 
molecules in human endothelial cells via mediation of cAMP-dependent protein 
kinase-mediated maxi-K channel activation, J. Pharmacol. Exp. Ther. 317 (2006) 
1238–1245. 

[112] Y.P. So, H.L. Jeong, K.K. Yong, D.K. Chi, Y.R. Byung, S.L. Won, W.H. Ki, Cilostazol 
prevents remnant lipoprotein particle-induced monocyte adhesion to endothelial 
cells by suppression of adhesion molecules and monocyte chemoattractant 
protein-1 expression via lectin-like receptor for oxidized low-density lipoprotein 
receptor a, J. Pharmacol. Exp. Ther. 312 (2005) 1241–1248. 

[113] R. Zhang, X. Wang, L. Ni, X. Di, B. Ma, S. Niu, C. Liu, R.J. Reiter, COVID-19: 
Melatonin as a potential adjuvant treatment, Life Sci. 250 (2020) 117583. 

[114] S.Y. Park, S.W. Lee, S.H. Baek, C.W. Lee, W.S. Lee, B.Y. Rhim, K.W. Hong, C. 
D. Kim, Suppression of PU.1-linked TLR4 expression by cilostazol with decrease of 
cytokine production in macrophages from patients with rheumatoid arthritis, Br. 
J. Pharmacol. 168 (2013) 1401–1411. 

[115] S.Y. Park, S.W. Lee, W.S. Lee, B.Y. Rhim, S.J. Lee, S.M. Kwon, K.W. Hong, C. 
D. Kim, RhoA/ROCK-dependent pathway is required for TLR2-mediated IL-23 
production in human synovial macrophages: Suppression by cilostazol, Biochem. 
Pharmacol. 86 (2013) 1320–1327. 

[116] N. Kelley, D. Jeltema, Y. Duan, Y. He, The NLRP3 Inflammasome: An Overview of 
Mechanisms of Activation and Regulation, (2019) 1–24. 

[117] V. Parisi, D. Leosco, Precision Medicine in COVID-19: IL-1β a Potential Target, 
JACC Basic to Transl. Sci. 5 (2020) 543–544. 

[118] J.K.Y. Yap, M. Moriyama, A. Iwasaki, Inflammasomes and Pyroptosis as 
Therapeutic Targets for COVID-19, J. Immunol. (2020) ji2000513. 

[119] D.F. van den Berg, A.A. te Velde, Severe COVID-19: NLRP3 Inflammasome 
Dysregulated, Front. Immunol. 11 (2020) 1–6. 

[120] X. Wang, H. Huang, C. Su, Q. Zhong, G. Wu, Cilostazol ameliorates high free fatty 
acid (FFA)-induced activation of NLRP3 inflammasome in human vascular 
endothelial cells, Artif. Cells, Nanomedicine Biotechnol. 47 (2019) 3704–3710. 

[121] K. Nomura, T. Miyashita, Y. Yamamoto, S. Munesue, A. Harashima, H. Takayama, 
S. Fushida, T. Ohta, Citrullinated Histone H3: Early Biomarker of Neutrophil 
Extracellular Traps in Septic Liver Damage, J. Surg. Res. 234 (2019) 132–138. 

[122] D. Atri, H.K. Siddiqi, J.P. Lang, V. Nauffal, D.A. Morrow, E.A. Bohula, COVID-19 
for the Cardiologist: Basic Virology, Epidemiology, Cardiac Manifestations, and 
Potential Therapeutic Strategies, JACC Basic to Transl. Sci. 5 (2020) 518–536. 

[123] H.K. Siddiqi, M.R. Mehra, COVID-19 illness in native and immunosuppressed 
states: A clinical–therapeutic staging proposal, J. Hear. Lung Transplant. 39 
(2020) 405–407. 

[124] Y. Kang, T. Chen, D. Mui, V. Ferrari, D. Jagasia, M. Scherrer-Crosbie, Y. Chen, 
Y. Han, Cardiovascular manifestations and treatment considerations in covid-19, 
Heart. 2 (2020) 1–10. 

[125] Y.J. Geng, Z.Y. Wei, H.Y. Qian, J. Huang, R. Lodato, R.J. Castriotta, 
Pathophysiological characteristics and therapeutic approaches for pulmonary 
injury and cardiovascular complications of coronavirus disease 2019, Cardiovasc. 
Pathol. 47 (2020) 107228. 

[126] X. Zou, K. Chen, J. Zou, P. Han, J. Hao, Z. Han, Single-cell RNA-seq data analysis 
on the receptor ACE2 expression reveals the potential risk of different human 
organs vulnerable to 2019-nCoV infection, Front. Med. 14 (2020) 185–192. 

[127] S.D. Prabhu, Cytokine-induced modulation of cardiac function, Circ. Res. 95 
(2004) 1140–1153. 

[128] M. Levi, T. Van Der Poll, H.R. Büller, Bidirectional relation between inflammation 
and coagulation, Circulation. 109 (2004) 2698–2704. 

[129] D. Wang, B. Hu, C. Hu, F. Zhu, X. Liu, J. Zhang, B. Wang, H. Xiang, Z. Cheng, Y. 
Xiong, Y. Zhao, Y. Li, X. Wang, Z. Peng, Clinical Characteristics of 138 
Hospitalized Patients with 2019 Novel Coronavirus-Infected Pneumonia in 
Wuhan, China, 2020. 

[130] F. Zhou, T. Yu, R. Du, G. Fan, Y. Liu, Z. Liu, J. Xiang, Y. Wang, B. Song, X. Gu, 
L. Guan, Y. Wei, H. Li, X. Wu, J. Xu, S. Tu, Y. Zhang, H. Chen, B. Cao, Clinical 
course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, 
China: a retrospective cohort study, Lancet 395 (2020) 1054–1062. 

[131] T. Guo, Y. Fan, M. Chen, X. Wu, L. Zhang, T. He, H. Wang, J. Wan, X. Wang, Z. Lu, 
Cardiovascular Implications of Fatal Outcomes of Patients with Coronavirus 
Disease 2019 (COVID-19), JAMA Cardiol. 2019 (2020). 

[132] S. Shi, M. Qin, B. Shen, Y. Cai, T. Liu, F. Yang, W. Gong, X. Liu, J. Liang, Q. Zhao, 
H. Huang, B. Yang, C. Huang, Association of Cardiac Injury with Mortality in 

Hospitalized Patients with COVID-19 in Wuhan, China, JAMA Cardiol. (2020) 
1–8. 

[133] S.S. Reddy, H. Agarwal, M.K. Barthwal, Cilostazol ameliorates heart failure with 
preserved ejection fraction and diastolic dysfunction in obese and non-obese 
hypertensive mice, J. Mol. Cell. Cardiol. 123 (2018) 46–57. 

[134] N. Horie, M. Kaminogo, T. Izumo, K. Hayashi, A. Tsujino, I. Nagata, Cilostazol 
may prevent cardioembolic stroke in patients undergoing antiplatelet therapy, 
Neurol. Res. 37 (2015) 619–623. 

[135] Z. Zhao, R. Li, X. Wang, J. Li, X. Xu, T. Liu, E. Liu, G. Li, Suppression of 
experimental atrial fibrillation in a canine model of rapid atrial pacing by the 
phosphodiesterase 3 inhibitor cilostazol, J. Electrocardiol. 60 (2020) 151–158. 

[136] J. Li, X. Xiang, X. Gong, Y. Shi, J. Yang, Z. Xu, Cilostazol protects mice against 
myocardium ischemic/reperfusion injury by activating a PPARγ/JAK2/STAT3 
pathway, Biomed. Pharmacother. 94 (2017) 995–1001. 

[137] E.M. Sorkin, A. Markham, Cilostazol, 14 (1999) 63–71. 
[138] W. Xie, F. Zheng, B. Zhong, X. Song, Long-Term Antiplatelet Mono- and Dual 

Therapies After Ischemic Stroke or Transient Ischemic Attack: Network Meta- 
Analysis, J. Am. Heart Assoc. 4 (2015) e002259. 

[139] C.K. Sun, F.Y. Lee, J.J. Sheu, C.M. Yuen, S. Chua, S.Y. Chung, H.T. Chai, Y. 
T. Chen, Y.H. Kao, L.T. Chang, H.K. Yip, Early combined treatment with cilostazol 
and bone marrow-derived endothelial progenitor cells markedly attenuates 
pulmonary arterial hypertension in rats, J. Pharmacol. Exp. Ther. 330 (2009) 
718–726. 

[140] C.K. Sun, Y.C. Lin, C.M. Yuen, S. Chua, L.T. Chang, J.J. Sheu, F.Y. Lee, M. Fu, 
S. Leu, H.K. Yip, Enhanced protection against pulmonary hypertension with 
sildenafil and endothelial progenitor cell in rats, Int. J. Cardiol. 162 (2012) 
45–58. 

[141] A. Osawa, S. Maeshima, N. Tanahashi, Efficacy of cilostazol in preventing 
aspiration pneumonia in acute cerebral infarction, J. Stroke Cerebrovasc. Dis. 22 
(2013) 857–861. 

[142] M. Yamaya, M. Yanai, T. Ohrui, H. Arai, K. Sekizawa, H. Sasaki, Antithrobotic 
therapy for prevention of pneumonia [6], J. Am. Geriatr. Soc. 49 (2001) 687–688. 

[143] Y. Shinohara, Antiplatelet cilostazol is effective in the prevention of pneumonia in 
ischemic stroke patients in the chronic stage, Cerebrovasc. Dis. 22 (2006) 57–60. 

[144] M. Fujimura, Y. Kamio, S. Myou, T. Hashimoto, T. Matsuda, Effect of 
Phosphodiesterase 3 Inibitor, Cilostazol, on Bronchial Hyperresponsiveness in 
Elderly Patients with Asma, Int Arch Allergy Immunol. 114 (1997) 379–384. 

[145] H.F. Tang, J.J. Lu, J.F. Tang, X. Zheng, Y. qin Liang, X.F. Wang, Y.J. Wang, L. 
G. Mao, J.Q. Chen, Action of a Novel PDE4 inhibitor ZL-n-91 on 
lipopolysaccharide-induced acute lung injury, Int. Immunopharmacol. 10 (2010) 
406–411. 

[146] X. Liu, Z. Li, S. Liu, J. Sun, Z. Chen, M. Jiang, Q. Zhang, Y. Wei, X. Wang, Y.- 
Y. Huang, Y. Shi, Y. Xu, H. Xian, F. Bai, C. Ou, B. Xiong, A.M. Lew, J. Cui, R. Fang, 
H. Huang, J. Zhao, X. Hong, Y. Zhang, F. Zhou, H.-B. Luo, Potential therapeutic 
effects of dipyridamole in the severely ill patients with COVID-19, Acta Pharm. 
Sin. B. (2020). 

[147] R.B. Tenser, A. Gaydos, K.A. Hay, Inhibition of Herpes Simplex Virus Reactivation 
by Dipyridamole, Antimicrob Agents Chemother. 45 (2001) 3657–3659. 

[148] C.L. Fata-Hartley, A.C. Palmenberg, Dipyridamole Reversibly Inhibits Mengovirus 
RNA Replication, J. Virol. 79 (2005) 11062–11070. 

[149] S. Bhogal, O. Khraisha, M. Al Madani, J. Treece, S.J. Baumrucker, T.K. Paul, 
Sildenafil for Pulmonary Arterial Hypertension, Am. J. Ther. 26 (2019) 
e520–e526. 

[150] A. Aversa, C. Vitale, M. Volterrani, A. Fabbri, G. Spera, M. Fini, G.M.C. Rosano, 
Chronic administration of Sildenafil improves markers of endothelial function in 
men with Type 2 diabetes, Diabet. Med. 25 (2008) 37–44. 

[151] N. Tzoumas, T.E. Farrah, N. Dhaun, D.J. Webb, Established and emerging 
therapeutic uses of PDE type 5 inhibitors in cardiovascular disease, Br. J. 
Pharmacol. 0–3 (2020). 

[152] M. Kniotek, A. Boguska, Sildenafil can affect innate and adaptive immune system 
in both experimental animals and patients, J. Immunol. Res. 2017 (2017). 

[153] M. Rogosnitzky, E. Berkowitz, A.R. Jadad, Delivering Benefits at Speed Through 
Real-World Repurposing of Off-Patent Drugs: The COVID-19 Pandemic as a Case 
in Point, JMIR Public Heal. Surveill. 6 (2020) e19199. 

[154] H. Zuo, I. Cattani-Cavalieri, N. Musheshe, V.O. Nikolaev, M. Schmidt, 
Phosphodiesterases as therapeutic targets for respiratory diseases, Pharmacol. 
Ther. 197 (2019) 225–242. 

[155] H. El-Abhar, M.A. Abd El Fattah, W. Wadie, D.M. El-Tanbouly, Cilostazol disrupts 
TLR-4, Akt/GSK-3β/CREB, and IL-6/JAK-2/STAT-3/SOCS-3 crosstalk in a rat 
model of Huntington’s disease, PLoS One 13 (2018) 1–16. 

[156] Y. Shinohara, Y. Katayama, S. Uchiyama, T. Yamaguchi, S. Handa, K. Matsuoka, 
Y. Ohashi, N. Tanahashi, H. Yamamoto, C. Genka, Y. Kitagawa, H. Kusuoka, 
K. Nishimaru, M. Tsushima, Y. Koretsune, T. Sawada, C. Hamada, Cilostazol for 
prevention of secondary stroke (CSPS 2): An aspirin-controlled, double-blind, 
randomised non-inferiority trial, Lancet Neurol. 9 (2010) 959–968. 

[157] W.H. Tang, F.H. Lin, C.H. Lee, F.C. Kuo, C.H. Hsieh, F.C. Hsiao, Y.J. Hung, 
Cilostazol effectively attenuates deterioration of albuminuria in patients with 
type 2 diabetes: A randomized, placebo-controlled trial, Endocrine. 45 (2014) 
293–301. 

[158] T. Inoue, T. Uchida, M. Sakuma, Y. Imoto, Y. Ozeki, Y. Ozaki, Y. Hikichi, K. Node, 
Cilostazol inhibits leukocyte integrin Mac-1, leading to a potential reduction in 
restenosis after coronary stent implantation, J. Am. Coll. Cardiol. 44 (2004) 
1408–1414. 

[159] C.J. Hsieh, P.W. Wang, Effect of cilostazol treatment on adiponectin and soluble 
CD40 ligand levels in diabetic patients with peripheral arterial occlusion disease, 
Circ. J. 73 (2009) 948–954. 

N.A.V. Motta et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S1567-5769(20)33803-0/h0530
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0530
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0530
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0535
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0535
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0535
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0535
https://doi.org/10.1159/000445645
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0545
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0545
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0545
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0550
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0550
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0550
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0550
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0550
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0555
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0555
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0555
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0555
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0555
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0560
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0560
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0560
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0560
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0560
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0565
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0565
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0570
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0570
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0570
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0570
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0575
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0575
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0575
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0575
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0585
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0585
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0590
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0590
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0595
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0595
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0600
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0600
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0600
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0605
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0605
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0605
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0610
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0610
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0610
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0615
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0615
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0615
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0620
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0620
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0620
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0625
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0625
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0625
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0625
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0630
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0630
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0630
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0635
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0635
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0640
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0640
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0650
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0650
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0650
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0650
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0655
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0655
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0655
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0660
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0660
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0660
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0660
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0665
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0665
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0665
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0670
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0670
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0670
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0675
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0675
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0675
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0680
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0680
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0680
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0690
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0690
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0690
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0695
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0695
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0695
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0695
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0695
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0700
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0700
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0700
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0700
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0705
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0705
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0705
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0710
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0710
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0715
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0715
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0720
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0720
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0720
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0725
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0725
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0725
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0725
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0730
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0730
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0730
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0730
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0730
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0735
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0735
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0740
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0740
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0745
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0745
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0745
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0750
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0750
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0750
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0755
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0755
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0755
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0760
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0760
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0765
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0765
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0765
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0770
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0770
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0770
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0775
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0775
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0775
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0780
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0780
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0780
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0780
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0780
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0785
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0785
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0785
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0785
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0790
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0790
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0790
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0790
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0795
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0795
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0795


International Immunopharmacology 92 (2021) 107336

12

[160] S. de Franciscis, L. Gallelli, L. Battaglia, V. Molinari, R. Montemurro, D. 
M. Stillitano, G. Buffone, R. Serra, Cilostazol prevents foot ulcers in diabetic 
patients with peripheral vascular disease, Int. Wound J. 12 (2015) 250–253. 

[161] N.K. Agrawal, R. Maiti, D. Dash, B.L. Pandey, Cilostazol reduces inflammatory 
burden and oxidative stress in hypertensive type 2 diabetes mellitus patients, 
Pharmacol. Res. 56 (2007) 118–123. 

[162] M. Fujimura, Y. Kamio, M. Saito, T. Hashimoto, T. Matsuda, Bronchodilator and 
bronchoprotective effects of cilostazol in humans in vivo, Am. J. Respir. Crit. Care 
Med. 151 (1995) 222–225. 

N.A.V. Motta et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S1567-5769(20)33803-0/h0800
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0800
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0800
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0805
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0805
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0805
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0810
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0810
http://refhub.elsevier.com/S1567-5769(20)33803-0/h0810

